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EXPRESS MAILNO. EV332D10fiSSUS 

KINASES AND PHOSPHATASES 



TECHNICAL FIELD 

The invention relates to novel nucleic acids, kinases and phosphatases encoded by these 
5 nucleic acids, and to the use of these nucleic acids and proteins in the diagnosis, treatment, and 
prevention of cardiovascular diseases, inonuine system disorders, neurological disorders, disorders 
affecting growth and development, lipid disorders, cell proliferative disorders, and cancers. The 
invention also relates to the assessment of the effects of exogenous compounds on the expression of 
nucleic acids and kinases and phosphatases. 

10 

BACKGROUND OF THE INVENTION 
Reversible protein phosphorylation is the ubiquitous strategy used to control many of the 
intracellular events in eukaryodc cells. It is estimated that more than ten percent of proteins active in 
a typical m a mm al i an cell are phosphorylated. Kinases catalyze the transfer of high-energy phosphate 

15 groups from adenosine triphosphate (ATP) to target proteins on the hydroxyamino acid residues 
serine, dueonine, or tyrosine. Phosphatases, in contrast, remove these phosphate groups. 
Extracellular signals including hormones, neurotransmitters, and growth and differentiation factors 
can activate kinases, which can occur as cell surface receptors or as the activator of the final effector 
protein, as well as other locations along the signal transduction pathway. Cascades of kinases occur, 

20 as well as kinases sensitive to second messenger molecules. This system allows for the amplification 
of weak signals (low abundance growth factor molecules, for exanqple), as well as the synthesis of 
many weak signals mto an all-or-nodiing response. Phosphatases, then, are essmtial in detemiining 
the extent of phosphorylation in the cell and, together with kinases, regulate key cellular processes 
such as metabolic enzyme activity, proliferation, cell growth and differentiation, cell adhesion, and 

25 cell cycle progression. 
KINASES 

Kinases conoprise the largest known enzyme superfEunily and vary widely in their target 
molecules. Kinases catalyze the transfer of high energy phosphate groups from a phosphate donor to 
^ a phosphate'lBjxeptor.'Nii^^ wiUi most 

30 kmases utilizmg adenosine triphosphate (ATP). The phosphate acceptor can be any of a variety of 
molecules, mcluding nucleosides, nucleotides, lipids, carbohydrates, and proteins. Ptoteins aie 
phosphorylated on hydroxyamino acids. Addition of a phosphate group alters the local charge on the 
acceptor molecule, causing internal conformational changes and potentially influencing 
intermolecular contacts. Reversible protein phosphorylation is the primary method for legulating 
35 protein activity in eukaryotic cells. In general, proteins are activated by phosphorylation in response 
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to extracellular signals such as hormones, neurotransnuttecs, and growth and differratiation fectors. 
The activated proteins initiate the cell's intracellular response by way of intracellular signaling 
pathways and second messenger molecules such as cyclic nucleotides, calciucthcahnodulin, inositol, 
and various mitogens, that regulate protein phosphorylation. 
5 Kinases are involved in all aspects of a ceU's fimction, firom basic metabolic processes, such 

as glycolysis, to cell-cycle regulation, differentiation, and communication with the extracellular 
environment tfirough signal transduction cascades. Loappropriate phosphorylation of proteins in ceUs 
has been linked to changes in cell cycle progression and ceU differentiation. Changes in the cell cycle 
have been linked to induction of apoptosis or cancer. Changes in cell differentiation have been linked 
10 to diseases and disorders of tiie reproductive system, inomune system, and skeletal muscle. 

There are two classes of protein kinases. One class, protein tyrosine kinases (PTKs), 
phosphorylates tyrosine residues, and tfie other class, protein serine/threonine kinases (STKs), 
phosphorylates serine and tiireonine residues. Some PTKs and STKs possess structural 
characteristics of botii families and have dual specificity for both tyrosine and serine/tiireonine 
15 residues. Ahnost all Mnases contain a conserved 250-300 amino acid catalytic domain contaming 
specific residues and sequence motifs characteristic of tfie kinase family. The protein kinase catalytic 
domain can be further divided toto 11 subdomains. N-tenmnal subdomains I-IV fold into a two-lobed 
structure which binds and orients the ATP donor molecule, and subdomain V spans tiie two lobes. C- 
terminal subdomains VI-XI bind tfie protein substrate and transfer the gamma phosphate from ATP to 

20 the hydro>^l group of a tyrosine, serine, or tiireonine residue. Each of tiie 1 1 subdomains contains 
specific catalytic residues or amino acid motifs characteristic of that subdomain. For example, 
subdomain I contams an 8-amino acid glycine-rich ATP binding consensus motif, subdomain H 
contains a critical lysme residue required for maximal catalytic activity, and subdomains VI tfirough 
K comprise tfie highly conserved catalytic core. PTKs and STKs also contain distinct sequence 

25 motifs in subdomams VI and VDI which may confer hydroxyamino acid specificity. 

In addition, kinases may also be classified by additional amino acid sequences, generally 
between 5 and 100 residues, which eitfier flank or occur wifliin tfie kinase domam. These additional 
amino acid sequences regulate kinase activity and determine substrate specificity. O^eviewed in 
—Hardiera-andS: Hanks (1995) The Proteirf K inase FacfsBonkT vaT pp 17:-20 Acad^c Piess, 

30 San Diego CA.)* hi particular, two protein kinase signature sequences have been identified in the 
kinase domain, tfie first containing an active site lysine residue involved in ATP binding, and tfie 
second containing an aspartate residue i^^)o^tant for catalytic activity, ff a protein analyzed includes 
tfie two protein kinase signatures, tfie probability of tfiat protein being a protein kinase is close to 
100% (PROSITB: PDOCOOlOO, November 1995). 

35 Pr tcin Tyr osine Kinases 
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Protein tyiosine kinases (PTKs) may be classified as ei tfier transmenibrane* receptor PTKs or 
nontransmembrane, nonreceptor FTK proteins. Transmembrane tyrosine kinases function as 
receptors for most growth factors. Growth factors bind to the receptor tyrosine kinase CRTK), which 
causes the receptor to phosphoiylate itself (autophosphorylation) and specific intracellular second 
5 messenger protems. Growth factors (GF) that associate with receptor PTKs include epidermal GF, 
platelet-derived GF, fibroblast GF, hepatocyte GF, insuUn and utsulin-like GFs, nerve GF, vascular 
^idothelial GF, and macrophage colony stimulating factor. 

Nontransmembrane, nonreceptor PTKs lack transmembrane regions and, instead, form 
signaling con:q>lexes with the cytosolic domains of plasma membrane receptors. Receptors that 
10 function through non-receptor PTKs include those for cytokmes and honnones (growth hormone and 
prolactin), and antigen-specific receptors on T and B lymphocytes. 

Many PTKs were first identified as oncogene products in cancer cells in which PTK 
activation was no longer subject to normal cellular controls. In fact, about one third of the known 
oncogenes encode PTKs. Furthermore, cellular transformation (oncogenesis) is often acconq>anied 
15 by increased tyrosme phosphorylation activity (Charbonneau, H, and N.K. Tonks (1992) Annu. Rev. 
(jell Biol. 8:463-493). Regulation of PTK activity may therefore be an inq)ortant strategy in 
controlling some types of cancer. 
Protein Serine/ThreoTiini> Kinngi»fi 

Protein serine/threonine kinases (STKs) are nontransmembrane protems. A subclass of STKs 
20 are known as ERKs (extracellular signal regulated kinases) or MAPs (mitogen-activated protein 
kinases) and are activated after cell stimulation by a variety of honnones and growth factors. Cell 
stimulation induces a signaling cascade leading to phosphorylation of MBK (MAP/ERK kinase) 
which, in turn, activates ERK via serine and threonine phosphorylation. A varied numbo: of proteins 
represent the downstream effectors for the active ERK and implicate it in the control of cell 
25 proliferation and differentiation, as well as regulation of the cytoskeleton. Activation of ERK is 
normally transient, and cells possess dual specificity phosphatases that are responsible for its down- 
regulation. Also, numerous studies have shown that elevated ERK activity is associated with some 
cancers. Other STKs include the second messenger dependent protein kinases such as the 

cyclic^AMP dependent ptoteurkinases (PKA), cacium-5al5roauIih"(Cd^ kinases, 

30 and the mitogen-activated protein kinases (MAP); the cyclin-dependent protein kinases; checkpoint 
and cell cycle kinases; Numb-associated kinase (Nak); human Fused (hFu); proliferation-related 
kinases; 5-AMP-activated protein kinases; and kinases involved in apoptosis. 

One member of tiie ERK family of MAP kinases, ERK 7, is a novel 61-kDa protem diat has 
motif similarities to ERKl and ERK2, but is not activated by extracellular stimuli as are ERKl and 
35 ERK2 nor by tiie common activators, c-Jun N-terminal kinase (JNK) and p38 kinase. ERK7 regulates 
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its nuclear localization and inhibition of growth through its C-terminal tail, not through the kinase 
domain as is typical with other MAP kinases (Abe. M.K. (1999) Mol. CeU. Biol. 19:1301-1312). 

The second messenger dependent protem kmases primarily mediate the effects of second 
messengers such as cycUc AMP (cAMP), cycUc GMP, inositol triphosphate, phosphatidylinositol. 
5 3,4,5-triphosphate, cyclic ADP ribose, arachidonic acid, diacylglycerol and calcium-cahnodulin. The 
PKAs are involved in mediatmg hormone-induced cellular responses and ate activated by cAMP 
produced within the ceU in response to hormone stnnulation. cAMP is an intracellular mediator of 
hormone action in aU animal cells that have been studied. Hormone-induced ceHular responses 
include thyroid hormone secretion. Cortisol secretion, progesterone secretion, glycogen breakdown. 
10 bone lesoiption. and regulation of heart rate and force of heart muscle contraction. PKA is found m 
an animal ceUs and is thought to account for the effects of cAMP in most of these ceUs. Altered PKA 
ejqpKssion is implicated in a variety of disorders and diseases mcluding cancer, thyroid disorders, 
diabetes, atherosclerosis, and cardiovascular disease (Isselbacher, K.J. et al. (1994) Harrison's 
P>aqpipl^ 9f fatemal Medianp. . McGraw-HUl, New York NY, pp. 416-431. 1887), 
15 The casein kinase I (CKD gene family is another subfamUy of serine/dueonme protein 

Idnases. This contmuously expanding group of kinases have been implicated m the regulation of 
numerous cytoplasmic and nuclear processes, mcluding ceU metabolism and DNA replication and 
repair. CKI enzymes ate present in the membranes, nucleus, cytoplasm and cy toskeleton of 
eukaryotic ceUs. and on the mitotic spmdles of mammalian cells (Fish. K.J. et al. (1995) J. Biol. 
20 Chem. 270:14875-14883). 

The Caa fenaly membeis aU have a short amino-termmal domain of 9-76 amino acids, a 
highly conserved Unase domain of 284 amino acids, and a variable carboxyl^ermmal domain that 
ranges from 24 to over 200 amnio acids in length (Cegielska, A. et al. (1998) J. Biol. Chem. 
273:1357-1364). The CKI fiunUy is comprised of highly related proteins, as seen by the identification 
25 ofisofonnsofcaseinkmaselfromavarietyofsomces. Theie are at least five mammalian isoforms. 
o. p. y. 8. and e. Fish et al. identified GKI-t^sUon fiom a human placenta cDNA Ubraty. It is a basic 
protein of 416 amino acids and is closest to CKIslelta. Through lecombmant expression, it was 
detennined to phosphorylate known OKI substrates and was inhibited by the CKI-specific hihibitor 
-00.7. The human-gene for Oa-epsilon-was abletcrt^ 
30 caused by deletion of the yeast CKI locus. HRR250 (Fish et al., supm). 

The mammalian circadian mutation tau was found to be a semtdominant autosomal aUele of 
CKI-epsilon that markedly shortens period length of circadian rhythms in Syrian hamsters. The tau 
locus is encoded by casein kinase I^psilon. which is also a homolog of the DrosophOa circadian gene 
double-time. Studies of both the wildtype and tau mutant CKI-epsilon enzyme indicated that the 
35 mutant enzyme has a noticeable reduction in tiie maximmn velocity and autophosphoiylation state. 
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FurtbeTt in vitro, CKI-epsilon is able to interact with mammalian PERIOD proteins, while the mutant 
enzyme is deficient in its ability to phosphoxylate PERIOD. Lowiey et al. have proposed that CKI* 
epsilon plays a major role in delaying the negative feedback signal within the transcription- 
translation-based autoregulatory loop that composes the core of the circadian mechanism. Therefore 
5 the CKI-epsilon enzyme is an ideal target for pharmaceutical confounds influencing circadian 
rhythms, jet-lag and sleep, in addition to other physiologic and metabolic processes under circadian 
regulation (Lowiey, P.L. et al. (2000) Science 288:483-491). 

Homeodomain-interacting protein kinases (BQPKs) are serine/threonine kinases and novel 
members of the DYRK kinase subfamily (Hofinann, T.G. et al. (2000) Biochimie 82: 1 123-1127). 

10 mPKs contain a conserved protein kinase domain sq)arated ftom a domain that interacts with 

homeoproteins. HDPKs are nuclear kinases, and HIPK2 is highly expressed in neuronal tissue (Kim, 
Y.H. et al. (1998) J, BioL Chem. 273:25875-25879; Wang, Y. et al. (2001) Biochim. Biophys. Acta 
1518:168-172). HIPKs act as corepressors for homeodomian transcription factors. This corepressor 
activity is seen in posttranslational modifications such as ubiquitination and phosphorylation, each of 

15 which are important in the regulation of cellular protein function (Kim, YJL et al. (1999) Proc. Natl. 
Acad. Sci. USA 96:12350-12355). 

The human h-warts protein, a homolog of Drosophila warts tumor suppressor gene, maps to 
chromosome 6q24-25.1. It has a serine/threonine Idnase domain and is localized to centrosomes in 
inteiphase cells. It is involved in mitosis and functions as a component of the mitotic apparatus 

20 (Nishiyama, Y. et al. (1999) FEBS Lett 459:159-165). 
Calcium-Caimodulin Dependent Prn fgin Kinaspjg 

Calcium-calmodulin dependent (CaM) kinases are involved in regulation of smooth muscle 
contraction, glycogen breakdown (phosphorylase kmase), and neurotransmission (CaM kinase I and 
CaM. kinase II). CaM dependent protein kuiases are activated by calmodulin, an intracellular calcium 

25 receptor, in response to the concentration of free calcium in the cell. Many CaM kinases are also 
activated by phosphorylation. Some CaM kinases are also activated by autophosphorylation or by 
other regulatory kinases. CaM kinase I phosphorylates a variety of substrates including the 
neurotransmitter-related proteins synapsin I and H, die gttie transcription regulator, CREB, and the 
" "^cysQc fibi^is ron'ductSi^^ B. et al. (1995) EMBO J. 14:3679- 

30 3686). CaM kinase n also phosphorylates synapsin at diffeient sites and controls the synthesis of 
catecholamines in the brain through phosphorylation and activation of tyrosine hydroxylase. CaM 
kinase n controls the syntiiesis of catecholamines and seratonin, through phosphorylation/activation 
of tyrosme hydroxylase and tryptophan hydroxylase, respectively (Fujisawa, H. (1990) BioEssays 
12:27-29). The mRNA encoding a calmodulin-bmding protein kinase-like protein was found to be 

35 enriched in mammalian forebrain. This protem is associated witii vesicles in both axons and 
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dendrites and accumulates largely postnatally. The anuno acid sequence of this protein is similar to 
CaM-dependrat STKs, and the protein binds calmodulin in the presence of calcium (Godbout, M. et 
al. (1994) J. Neurosci. 14:1-13). 

MitOgCn-Activated P rnteSn Kinnggfi 

5 The mitogen-activated protein kmases (MAP), which mediate signal transduction from the 

cell surface to the nucleus via phosphorylation cascades, are another STK fEunily that regulates 
intracellular signaling pathways. Several subgroups have been identified, and each manifests 
different substrate specificities and responds to distinct extracellular stimuli (Egan, S JB. and ILA. 
Weinberg (1993) Nature 365:781-783). There are three kinase modules comprising the MAP kinase 

10 cascade: MAPK (MAP), MAPK kinase (MAP2K, MAPKK, or MKK), and MKK kinase (MAP3K, 
MAPKKK, OR MEKK) (Wang,X.S, et al (1998) Biochent Biophys. Res. Commun. 253:33-37). The 
extracellular-regulated kinase (ERK) pathway is activated by growth factors and mitogens, for 
example, epidermal growth factor (EGF). ultraviolet light, hyperosmolar medium, heat shock, or 
endotoxic lipopolysaccharide (LPS). The closely related though distinct parallel pathways, the c-Jun 

15 N-terminal kinase (INK), or stress-activated kinase (SAPK) pathway, and the p38 kinase pathway are 
activated by stress stimuli and proinflammatory cytokines such as tumor necrosis factor (TNF) and 
interleukin-1 (IL-1). Altered MAP kinase expression is implicated in a variety of disease conditions 
including cancer, inflammation, immune disorders, and disorders affecting growth and development. 
MAP kmase signaling pathways are present in mammalian cells as well as in yeast. 

20 Cvclin-Dependent Prntcli^ Klnagfe^ 

Tlie cyclin-dependent protein kmases (CDKs) are STKs that control the progression of cells 
through the cell cycle. The entry and exit of a cell from mitosis are regulated by the synthesis and 
destruction of a family of activating proteins called cyclins. Cyclins are small regulatory proteins that 
bind to and activate CDKls. wUch then phosphorylate and activate selected proteins mvolved in the 

25 mitotic process. GDKs axe unique in that they require multiple inputs to becoine activated. In 
addition to cyclin binding, CDK activation requires the phosphorylation of a specific threonine 
residue and the dephosphorylation of a specific tyrosine residue on the CDK. 

Anotiier family of STKs associated with the cell cycle are the NIMA (never in mitosis)- 
related^kinases (Nelcs).'BotK CDKS fflSd"N^k5 lurelnvolvd in diip^ matvoiution, smd separation 

30 of the microtubule organizing center, the centrosome, m animal cells (Fry, AM. et al. (1998) EMBO 
J. 17:470-481). 

CheckDoInt and Cell Cvcfg jginniepc 

In the process of cell division, the order and timmg of cell cycle transitions are under control 
of cell cycle checkpoints, which ensure that critical events such as DNA r^Iication and chromosome 
35 segregation are carried out wiUi precision. If DNA is damaged, e.g. by radiation, a checlq>oint 
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pathway is activated that amests the cell cycle to provide time for repair. Jf the daimge is extrasive, 
apoptosis is induced. Ls the absence of such checlspoints, the damaged DNA is inherited by aberrant 
cells which may cause proliferative disorders such as cancer. Protein kinases play an in^Kirtant role 
m this process. For exan^le, a specific kinase, checkpoint kinase I (CMl), has been identified in 
5 yeast and mammals, and is activated by DNA damage in yeasL Activation of Chkl leads to the anest 
of the cell at the G2/M transition (Sanchez, Y. et al. (1997) Science 277: 1497-1501). Specifically, 
Chkl phosphorylates the cell division cycle phosphatase C3DC25, inhibiting its noimal function which 
is to dephosphoiylate and activate the cyclm-dependent kinase C3dc2. Cdc2 activation controls the 
entry of cells mto mitosis (Peng, C-Y. et al. (1997) Science 277:1501-1505). Thus, activation of 
10 Oikl prevents the damaged cell ftom entering mitosis. A deficiency in a checkpomt Idnase, such as 
Chkl, may also contribute to cancer by failure to arrest cells with damaged DNA at other checkpoints 
such as G2/M. 

Proliferation^Rgfflted Kinases 

Proliferation-related kinase is a serum/cytokine inducible STK that is involved in regulation 

15 of the cell cycle and cell proliferation in human megakarocytic cells (Li, B. et al. (1996) J, Biol. 
Chem. 271: 19402-19408). Proliferation-related kinase is related to the polo (derived from 
Drosophila polo gene) family of STKs irrq>licated m cell division. Proliferation-related kinase is 
downregulated.in lung tumor tissue and may be a proto-oncogene whose deregulated ^pression in 
normal tissue leads to oncogenic transformation. 

20 S^AMP-activated protein Idnase 

A ligand-activated STK protein kinase is 5 -AMP-activated protein kinase (AMPK) (Gao. G. 
et al. (1996) J. Biol Chem. 271:8675-8681). Mammalian AMPK is a regulator of fatty acid and sterol 
synthesis through phosphorylation of the enzymes acetyl-CoA carboxylase and 
hydroxymethylglutaryl-CoA reductase and mediates responses of these pathways to cellular stresses 

25 such as heat shock and depletion of glucose and ATP. AMPK is a heterotrimeric complex comprised 
of a catalytic alpha subunit and two non-catalytic beta and gamma subunits that are believed to 
regulate the activity of the alpha subunit Subunits of AMPK have a much wider distribution in 
non-lipogenic tissues such as brain, heart, spleen, and lung than expected. This distribution suggests 
thatltsrolef&y^xleia^ " 

30 Kinases in ApoDtosis 

Apoptosis is a highly regulated signaling patiiway leading to cell death diat plays a crucial 
role in tissue development and homeostasis. Deregulation of tius process is associated with tfie 
pathogenesis of a number of diseases including autoimmune diseases, neurodegenerative disorders, 
and cancer. Various STBCs play key roles in tfiis process. ZIP kinase is an STK containing a 

35 C-terminal leucine zipper domaui in addition to its N-tennmal protein kmase domain. This 
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C-^enninal domain appears to mediate homodimmzation and activation of the kinase as well as 
. interactions with transcription fectors such as activating transcription factor. ATF4, a membCT of the 
cyclic-AMP responsive element binding protein (ATF/CREB) family of transcriptional fectors 
(Sanjo. H. et al. (1998) J. BioL ChenL 273:29066-29071). DRAKl and DRAK2 are STKs that share 
5 homology with the death-associated protein kinases (DAP kinases), known to function in interferon-Y 
induced apoptosis (Sanjo et al., supra). like 73P kinase. DAP kinases contain a C-tenninal 
protein-protein interaction domain, in the form of ankyrin repeats, in addition to the N-tmninal 
kinase domain. ZIP. DAP. and DRAK kinases induce morphological changes associated with 
apoptosis when transfected into NIH3T3 cells (Sanjo et al., supra). However, deletion of dther the 
10 N-terminal kinase catalytic domain or the C-termmal douKun of these proteins abolishes apoptosis 
activity, indicating that in addition to the kinase activity, activity in the C-tenninal domain is also 
necessary for apoptosis, possibly as an int^cting domain with a regulator or a specific substrate. 

RICK is another STK recently identified as mediating a specific apoptotic pathway involving 
the death receptor, CD95 (Inohara, N. et al. (1998) J. BioL Chem. 273:12296-12300). CD95 is a 

15 member of the tumor necrosis factor receptor superfamily and plays a critical role in the regulation 
and homeostasis of the immune system (Nagata. S. (1997) Cell 88:355-365). The CD95 receptor 
signaling pathway involves recruitment of various intracellular molecules to a receptor conqilex 
following Hgand binding. This process includes recruitment of the cysteine protease caspase-8 
which, in turn, activates a caspase cascade leading to cell death. RICK is composed of an N-tenmnal 

20 kinase catalytic domain and a C-terminal "caspase-recruitmenf ' domain that interacts with 
caspase-like domains, indicating that RICK plays a role in the recruitment of caspase-8. This 
mterpietation is supported by the fact that the expression of RICK in human 293T ceUs promotes 
activation of caspase-8 and potentiates the induction of apoptosis by various proteins involved in the 
CD95 apoptosis pathway (Inohara et al., supra). 

25 Mitochondrial Protein Kina5geg 

A novel class of eukaiyotic kinases, related by sequence to prokaryotic histidine protein 
kinases, are the mitochondrial protein kinases (MPKs) which seem to have no sequence similarity 
with other eukaryotic protem kmases. These proteui kinases are located exclusively m the 

' •^'^ffiitt>chonanarinafiix'sp5c^^ respiration- 

30 dependent bacteria which were endocytosed by primitive eukaryotic cells- MPKs are responsible for 
phosphorylation and inactivation of the branched-chain alpha-ketoacid dehydrogenase and pyruvate 
dehydrogenase complexes (Harris, RJl et al. (1995) Adv. Enzyme Regul. 34:147-162). Five MPKs 
have been identified. Four members correspond to pyruvate dehydrogenase kinase iso^mes, 
regulating the activi^ of the pyruvate dehydrogenase complex, which is an important regulatory 

35 enzyme at the interface between glycolysis and the citric acid cycle. The fifth member corresponds to 
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a branched-chain alpha-ketoacid dehydro^nase kinase, inq^Kirtant in the regulation of the paAway for 
the disposal of branched-chain amino acids. CHanis, RA. et al. (1997) Adv. Enzyme Regul. 37:271- 
293). Both starvation and the diabetic state aie known to result in a great increase m the activity of 
the pyruvate dehydto^ase kinase in the liver, heart and muscle of the rat This increase contributes 
5 in both disease states to the phosphorylation and inactivation of the pyruvate dehydrogenase coisplex 
and conservation of pyruvate and lactate for ^uconeog^nesis (Harris (1995) supra). 



KINASES Wrm NON- PROTEIN SUBSTRATES 
Lipid and Inositol kinases 

10 Lipid kinases phosphorylate hy droxyl residues on lipid head groups. A family of kinases 

involved in phosphorylation of phosphatidylinositol has been described, each memiber 
phosphorylating a specific carbon on the inositol ring (Leevers, S J. et al. (1999) Curr. Opin. Cell. 
Biol. 11:219-225). The phosphorylation of phosphatidylinositol is involved in activation of the 
protein kinase C signaling pathway. The inositol phospholipids (phosphoinositides) intracellular 

15 signaling pathway begins with binding of a signaling molecule to a O-protein linls^ receptor in the 
plasma membrane. This leads to the phosphorylation of phosphatidylinositol (PI) residues on the 
mner side of the plasma membrane by inositol kinases, thus converting PI residues to the biphosphate 
state (PIP2). PIP2 is then cleaved into inositol triphosphate (IP3) and diacylglycerol. These two 
products act as mediators for separate signaling pathways. Cellular responses that are mediated by 

20 these pathways are glycogen breakdown in the liver in response to vasopressin, smooth muscle 
contraction in response to acetylcholine, and thrombin-induced platelet aggregation. 

PI 3-kinase (PBK), which phosphorylates the D3 position of PI and its derivatives, has a 
central role in growth factor signal cascades involved in cell growth, differentiation, and metabolism. 
PDK is a heterodimer consisting of an adapter subunit and a catalytic subunit. The adapter subunit 

25 acts as a scaffolding protein, interacting with specific tyrosine-phosphorylated proteins, lipid 
moieties, and other cytosolic factors. When the adapter subunit binds Qrosine phosphorylated 
targets, such as the insulin responsive substrate (IRS)-l, the catalytic subunit is activated and converts 
PI (4.5) bisphosphate (PIP2) to PI (3,4,5) P3 (PIP3). PIP3 then activates a number of otfier proteins, 
including PKA;protem kioai^ i^KB), imteui kinase t"^KC), glycogen synAase kinase (GSK)-3, 

30 and p7Q ribosomal s6 kmase. PBK also interacts directiy with the cytoskeletal organizing proteins, 
Rac, rho, and cdc42 (Shepherd, P.R. et al. (1998) Bioch^ J. 333:471-490). Animal models for 
diabetes, such as obese and^r nouce, have altered PBK adapter subunit levels. Specific mutaticms in 
the adapter subunit have also been found in an insulin-resistant Danish population, suggesting a role 
for PBK in type-2 diabetes (Shepard, supra). 

35 An example of lipid kinase phosphorylation activity is the phosphorylation of 
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D-eiyduo-splungosine to ttie sphingolipid metabolite, sphingosine-l-phosphate (SFP). SPP has 
esnesrgjsd as a novel lipid second-messeng^ with both extracellular and intracellular actions (Kohama, 
T. et al. (1998) J. Biol. Chem. 273:23722-23728). Extracellularly, SPP is a li^d for the G-protein 
coupled receptor EDG-1 (endotbelial-deiived, G*protein coupled receptor). Latracellularly, SPP 

5 regulates cell growth, survival, motility, and cytoskeletal changes. SPP levels are regulated by 

sphingosine kinases that specifically phosphorylate D-erythro-sphingosine to SPP. The importance of 
sphingosine kinase in cell signaling is indicated by the fact that various stimuli, including 
platelet-derived growth fector (PDGF)> nerve growth factor, and activadon of protein kinase C, 
increase cellular levels of SPP by activation of sphingosine kinase, and the fact that competitive 

10 inliibitors of the enzyme selectively inhibit cell proliferation induced by PDGF (Kohama et aL, 
supra). 

Purine Nncleot ide Kinaggg 

The purine nucleotide kinases, adenylate kinase (ATP: AMP phosphotransferase, or AdK) and 
guanylate kinase (ATP:GMP phosphotransferase, or GuK) play a key role in nucleotide metabolism 

15 and are crucial to the synthesis and regulation of cellular levels of ATP and GTP, respectively. These 
two molecules are precursors in DNA and RNA synthesis in growing cells and provide the primary 
source of biochenucal energy in cells (ATP), and signal transduction pathways (GTP), Inhibition of 
various steps in the synthesis of these two molecules has been the basis of many antiproliferative 
drugs for cancer and antiviral therapy (Pillwein, K. et al. (1990) Cancer Res. 50:1576-1579). 

20 AdK is found in almost all cell types and is especially abundant in cells having high rates of 

ATP synthesis and utilization such as skeletal muscle. In these cells AdK is physically associated 
with mitochondria and myofibrils, the subcellular structures that are involved in energy production 
and utilization, respectively. Recent studies have demonstrated a major fimction for AdK in 
transferring high energy phosphoryls fix>m metabolic processes generating ATP to cellular 

25 conq)onents consummg ATP (Zeleznikar, R.J. et al. (1995) J. Biol. Ghent 270:7311-7319). Thus 
AdK may have a pivotal role in maintaining energy production in cells, particularly those having a 
higih rate of growth or metabolism such as cancer cells, and may provide a target for suppression of its 
activity in order to treat c^tain cancers. Alternatively, reduced AdK activity may be a source of 
various ifi&tdbolfc', imil^cie-energy iUs^ders that can result m cardiac or respiratory failure and may be 

30 treatable by increasing AdK activity. 

GuK, m addition to providmg a key step m the synthesis of GTP for RNA and DNA 
synthesis, also fulfills an essential fimction in signal transduction pathways of cells through the 
regulation of GDP and GTP. Specifically, GTP binding to membrane associated G proteins mediates 
the activation of cell receptors^ subsequent intracellular activation of adenyl cyclase, and production 

35 of the second messenger, cyclic AMP. GDP binding to G protems inhibits these processes. GDP and 
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OTP levels also control the activity of certain oncogenic proteins such as p21™ known to be involved 
in control of cell proliferation and oncogenesis (Bos, J.L. (1989) Cancer Res. 49:4682-4689). High 
ratios of GTP:(3DP caused by suppression of OuK cause activation ofp2V^ and promote 
oncogenesis. Increasing GuK activity to increase levels of GDP and reduce the GTP:GDP ratio may 
5 provide a therapeutic strategy to reverse oncogenesis. 

GuK is an in^Kirtant enzyme in the phosphorylation and activation of c^tain antiviral drugs 
useful in the treatment of herpes virus infections. These drugs uaclude the guanine homologs 
acyclovir and buciclovir (Miller. WJEL and RX. Miller (1980) J. Biol. Chem. 255:7204-7207; 
Stenberg. K. et aL (1986) J. Biol. Chem. 261:2134-2139). Increasing GuK activity in infected cells 
10 may provide a therapeutic strategy for augmenting the eiffectivCTess of these drugs and possibly for 
reducing the necessary dosages of the drugs. 

The pyrimidine kinases are deoxycytidine kinase and thymidine kinase 1 and 2. 
Deoxycytidine kinase is located in the nucleus, and thymidine kinase 1 and 2 are found in the cytosol 
15 (Johansson, M. et al. (1997) Proc. Nati. Acad. Sci. USA 94:11941-11945). Phosphorylation of 

deoxyribonucleosides by pyrimidine kinases provides an alternative pathway for de novo synthesis of 
DNA precursors. The role of pyrimidine kinases, like purine kinases, in phosphorylation is critical to 
die activation of several chemotherapeutically important nucleoside analogues (Amer E.S. and S. 
Eriksson (1995) Pharmacol. Ther. 67:155-186). 

20 

PHOSPHATASES 

Ptotein phosphatases are generally characterized as either serine/threonine- or tyrosine- 
specific based on their preferred phospho-ammo acid substrate. However, some phosphatases (DSPs, 
for dual specificity phosphatases) can act on phosphorylated tyrosine, serine, or threonine residues. 

25 The protein serine/threonine phosphatases (PSPs) are important regulators of many cAMP-mediated 
hormone responses m cells. Protein tyrosine phosphatases (PTPs) play a significant role in cell cycle 
and cell signaling processes. Another family of phosphatases is the acid phosphatase or histi^e acid 
phosphatase (HAP) family whose members hydrolyze phosphate esters at acidic pH conditions. 

"PSPs'are found'ihllie cytosoU micleus,lmd n^toch^^ and in association with cytoskeletal 

30 and membranous structures m most tissues, especially the brain. Some PSPs require divalent cations, 
such as Ca^* or Mn^. for activity. PSPs play important roles in glycogen metabolism, muscle 
contraction, protein synthesis, T cell function, neuronal activity, oocyte maturation, and hepatic 
metaboUsm (reviewed in Cohen, P. (1989) Amiu. Rev. Biochem. 58:453-508). PSPs can be separated 
into two classes. The PPP class includes PPl, PP2A, PP2B/calcineurin, PP4, PP5, PP6, and PP7. 

35 Afembers of this class are composed of a homologous catalytic subunit bearing a very highly 
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conserved signatuie sequence, coupled with one or more regulatory subunits (PROSITB . 
PDOCX)011S). Further interactions widi scaffold and anchoring molecules det^mine the intracellular 
localization of PSPs and substrate specificity. Hie Pm class consists of sev^ closely rehted 
isofonns of PP2C and is evolutionarily unrelated to the PPP class. 
5 PPl dephosphoiylates many of the protenis phosphorylated by cyclic AMPnlependent protein 

kinase (PKA) and is an mq)ortant regulator of many cAMP-mediated hormone responses in cells. A 
number of isofonns have been identified, with the alpha and beta forms being produced by alternative 
splicing of the same gpne. Both ubiquitous and tissue-q^ecific targeting proteins for PPl have been 
identified, lii the brain, inhibition of PPl activity by the dopamine and adenosine 3\5 - 

10 monophosphate-regulated phosphoprotein of 32kDa (DARPP-32) is necessary for normal dopamine 
response in neostriatal neurons (reviewed m Price, N.E- and M-C Mumby (1999) Cuir. Opin. 
Neurobiol. 9:336-342). PPl. along with PP2A, has been shown to limit nK)tiUty in microvascular 
endothelial cells, suggestmg a role for PSPs in the inhibition of angiogenesis (Gabel, S. et al. (1999) 
Otolaryngol. Head Neck Surg.l21:463-468). 

15 PP2A is the main serine/threonine phosphatase. The core PP2A enzyme consists of a single 

36 kDa catalytic subunit (C) associated with a 65 kDa scaffold subunit (A), whose role is to recruit 
additional regulatory subunits (B). Three gene families encoding B subunits are known (PR55, PR61, 
and PR72), each of which contain multiple ispforms, and additional families may exist (Millward, 
T.A et al. (1999) Trends Biosci. 24:186-191). These **B-type" subunits are cell type- and tissue- 

20 specific and determine the substrate specificity, enzymatic activity, and subceUular localization of the 
holoenzyme. The PR55 family is highly conserved and bears a conserved motif (PROSITE 
PDOC00785). PR55 increases PP2A activity toward mitogen-activated protein kinase (MAPK) and 
MAPK kmase (MEK), PP2A dephosphorylates the MAPK active site, inhibiting tiie cell's entry into 
mitosis. Several piotems can compete with PR55 for PP2A core enzyme binding, including the CXn 

25 kinase catalytic subunit, polyomavirus middle and small T antigens, and SV40 small t antigen. 

Vhruses may use this mechanism to commandeer PP2A and sthnulate progression of the cell through 
tfie ceU cycle (Pallas, D.C et al. (1992) J, Vkol. 66:886-893). Altered MAP kinase expression is also 
implicated in a variety of disease conditions including cancer, inflammation, immune disorders, and 
disbrdaffaff&fihg 

30 activities of more than 30 protein Idnases in vitro, and oihtr evidence suggests that ttie same is true in 
vivo for such kinases as PKB, PKC. the cahnodulm-dependent kinases, ERK family MAP kinases, 
cyclhi-dependent kinases, and tiie LcB kinases (reviewed ui Millward et al., supra). PP2A is itself a 
substrate for CKI and CKU kinases, and can be stimulated by polycationic macromolecules. A PP2A- 
like phosphatase is necessaiy to maintain the Gl phase destruction of mammalian cyclins A and B 

35 (Bastians, H. et al. (1999) Mol. Biol. CeU 10:3927-3941). PP2A is a major activity in tiie brain and is 
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implicated in regulating neurofilament stability and normal neural function, particularly the 
phosphorylation of the microtubule-associated protem tau. Hyperphosphorylation of tau has been 
proposed to lead to the neuronal degoieration seen in Alzheimer' s disease (renewed m Price and 
Mumby, supra). 

5 PP2B, or calcmeuiin, is a Ca^-activated dimeric phosphatase and is particularly abundant in 

the brain. It consists of catalytic and regulatory subunits, and is activated by the binding of the 
calcium/calmodulin complex. Calcineurin is the target of the immunosuppressant drugs cyclosporine 
and FK506, Along with other cellular factors, these drugs mteract with calcineurin and inhibit 
phosphatase activity. In T cells, this blocks the calcium depmdsat activation of the NF-AT family of 
10 transcription factors, leading to immunosi^pression. This family is widely distributed, and it is likely 
that calcineurin regulates gene expression in other tissues as weD. to neurons, calcineurin modulates 
functions which range from the inhibition of neurotransmitter release to desensitization of 
postsynaptic NMDA-receptor coupled calcium channels to long term memory (reviewed in Price and 
Mumby, supra), 

15 Other members of the PPP class have recently been identified (Cohen, P.T. (1997) Trends 

Biochem. Sci. 22:245-251). One of them, PP5, contains regulatory domains with tetratricopeptide 
repeats. It can be activated by polyunsaturated fatty acids and anionic phospholipids in vitro and 
appears to be involved in a number of signaling pathways, including those controlled by atrial 
natriuretic peptide or steroid hormones (reviewed in Andreeva, A.V* and M.A. Kutuzov (1999) Cell 

20 Signal. 11:555-562), 

PP2C is a -'42kDa monomer with broad substrate specificity and is dependent on divalent 
cations (mainly Mn^^ or Mg^) for its activity. PP2C proteins share a conserved N-terminal region 
with an invariant DGH motif, which contains an aspartate residue involved in cation binding 
(PROSITE PDOC00792). Targetmg proteins and mechanisms regulating PP2C activity have not 

25 been identified. PP2C has been shown to inhibit the stress-responsive p38 and Jun kinase (JNK) 
pathways (Takekawa, M. et al. (1998) EMBO L 17:4744-4752). 

hi contrast to PSPs. ^sine-specific phosphatases (PTPs) are generally monomeric proteins 
of very divMse size (fiom 20kDa to greater than lOOkDa) and structure that function primarily in the 
traduction of sisals across IHTsarecategori^ 

30 phosphatases or transmembrane receptor proteins that cont^n a phosphatase domain. All PTPs share 
a conserved catalytic domain of about 300 amino acids which contains the active site. The active site 
consensus sequence includes a cysteine residue which executes a nucleophilic attack on the phosphate 
moiety during catalysis (Neel, B.G. and N.K. Tonks (1997) Curr. Opm. Cell Biol. 9:193-204). 
Recqptor PTPs are made up of an N-tenninal extracellular domain of variable length, a 

35 transmembrane region, and a cytoplasmic region that generally contains two copies of the catalytic 
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domain. Although only the fiist copy seems to have enzymatic activity, the second copy appai«itly 
affects the substrate specificity of the fiist. Tha extiaceUular domains of some receptor FTPs contain 
filnonectin-like repeats, immunoglobulin-Iike domains. MAM domains (an extraceUular motif likely 
to have an adhesive function), or carbonic anhydrase-Uke domains (PROSITEEDOC 00323). This 
wide variety of structural motifs accounts for the diversity in size and specificity of PTPs. 

PTPs play important roles in biological processes such as ceU adhesion, lymphocyte 
activation, and ceU proliferation. PTPs m and k are involved m cell-ceU contacts, perhaps regulatmg 
cadherin/catenin function. A number of PTPs affect ceU spreading. fi>cal adhesions, and ceU motility, 
most of them via the integrin/tyrosine kinase signaling pathway (reviewed in Neel and Tonks. supni). 
CD45 phosphatases regulate signal transduction and lymphocyte activation (Ledbetter. J.A. et al. 
(1988) Proc. Natl. Acad. Sci. USA 85:8628-8632). Soluble PTPs containmg Src-homDlogy-2 
domains have been identified (SHPs), suggesting that diese molecules might interact with receptor 
tyrosine kinases. SHP-1 regulates cytokme receptor signaling by controlling the Janus famUy PTKs 
m hematopoietic cells, as weM as signaling by tiie T-cell receptor and c-Kit (reviewed in Neel and 
Tonks, supra). M-phase inducer phosphatase plays a key role in the induction of mitosis by 
dephosphorylating and activating tiie PTK CaDC2, leading to cell division (Sadhu. K. et al. (1990) 
Ptoc. NatL Acad. Sci. USA 87:5139-5143). In addition, tiie genes encoding at least eight PTPs have 
been mapped to chromosomal regions tiiat are translocated or rearranged in various neoplastic 
conditions, including lymphoma, small cell lung carcinoma, leukemia, adenocarcinoma, and 
neuroblastoma (reviewed in Charbonneau, H. and N.K. Tonks (1992) Annu. Rev. CeU Biol. 8:463- 
493). The PTP enzyme active site con^rises tfie consensus sequence of ttie MTMl gene famUy. The 
MTMl gene is responsible for X-linked recessive myotubular myopatiiy, a congenital muscle 
disorder that has been Bnked to Xq28 (Kioschis. P, et al., (1998) Genomics 54:256-266). Many PTKs 
are encoded by oncogenes, and it is weU known diat oncogenesis is often accompanied by increased 
tyrosine phosphorylation activity. It is therefore possible tiiat PTPs may serve to prevent or reverse 
cell transformation and die growth of various cancers by controlling die levels of tyrosine 
phosphorylation in cells. This is supported by studies showing tiiat overexpression of PTP can 
suppress transformation in ceUs and tiiat specific inhibition of PTP can enhance ceU transformation 

- (QiaAonneaa-andTonksrAtfprd): — ~ " ~ — 

Dual specificity phosphatases (DSPs) are structurally more similar to tiie PTPs than tiie PSPs. 
DSPs bear an extended PTP active site motif witti an additional 7 amino acid residues. DSPS are 
primarily associated witfi cell proliferation and include die ceU cycle i^guhitors cdc25A. B. and C. 
The phosphatases DUSPl and DUSP2 inactivate tiie MAPK family members ERK (extraceUular 
signal-regulated kmase), JNK (c-Jun N-terminal kinase), and p38 on botii tyrosme and tiireonine 
residues (PROSIIE PDOC 00323, supra). In tiie activated state, tiiese kinases have been implicated 
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in neuronal differentiation, proliferation, oncogenic transformation, platelet aggregation, and 
apqptosis. Thus, DSPs are necessary for proper regulation of these processes (Muda, M. et al. (1996) 
J. Biol. Chem. 271:27205-27208). The tumor suppressor PTEN is a DSP that also shows lipid 
phosphatase activity. It seems to negatively regulate interactions with the extracellular matrix and 
5 maintains sensitivity to apoptosis. PTEN has heen inq>licated in the prevention of angiogenesis (Giri, 
D. and M. Ktmann (1999) Hum. Pathol. 30:419-424) and abnormalities in its expression are 
associated with numerous cancers (reviewed in Tamura, M. et al. (1999) J. Nati. Cancer Inst 
91:1820-1828). 

Histidine acid phosphatase (HAP; EXPASY EC 3.1.3.2), also known as acid phosphatase, 

10 hydrolyzes a wide spectrum of substrates including alkyl, aryl, and acyl orthophosphate monoesters 
and phosphorylated proteins at low pEL HAPs share two regions of conserved sequences, each 
centered aroimd a histidine residue which is involved in catalytic activity. Members of the HAP 
family include lysosomal acid phosphatase (LAP) and prostatic acid phosphatase (PAP), both 
sensitive to inhibition by L-tartrate (PROSTTE PDOC00538). 

15 Synaptojanin, a polyphosphoinositide phosphatase, dephosphorylates phosphoinositides at 

positions 3, 4 and 5 of the inositol ring. Synaptojanin is a major presynaptic protein found at clathrin- 
coated endocytic intermediates in nerve terminals, and binds the clathrin coat-associated protein, 
EPS 15. This binding is mediated by the C-terminal region of synaptojanin-170, which has 3 Asp-Pro- 
Phe amino acid repeats. Further, this 3 residue repeat had been found to be the binding site for the 

20 EH domams of EPS15 (Haf&ier, C. et al. (1997) FEES Lett. 419:175-180). Additionally. 

synaptojanin may potentially regulate interactions of endocytic proteins with the plasma membrane, 
and be mvolved in synaptic vesicle recycling (Brodin» L. et al. (2000) Curr. Opin. Neurobiol. 10:312- 
320). Studies in mice with a targeted disruption in the synaptojanin 1 gene (Synjl) were shown to 
support coat formation of endocytic vesicles more effectively than was seen in wild-type mice, 

25 sug^sting that Synj 1 can act as a negative regulator of membrane-coat protein interactions. These 
findings provide genetic evidence for a crucial role of phosphoinositide metabolism in synaptic 
vesicle recycling (C>eniona» O. et al. (1999) Cell 99:179-188). 
Expression profiling 

- . ^ _ . ... ^ ■ Microarrkys are afialyti6al tdols used'in'bioanalysis.'A'^ has a plurality of 

30 molecules spatially distributed over, and stably associated with, the sur&ce of a solid support 

Microarrays of polypeptides, polynucleotides, and/or antibodies have been developed and find use in 
a variety of applications, such as gene sequencing, monitoring gene expression, gene mapping, 
bacterial identification, drug discovery, and combinatorial chemistiy. 

One area in particular in which microarrays find use is in gene expression analysis. Array 
35 technology can provide a simple way to explore the expression of a single polymorphic gene or the 

IS 



PF-1710P 

expression profile of a large number of related or unrelated genes. When the expression of a single 
gene is examined, arrays are employed to detect the expression of a specific gene or its variants. 
When an expression profile is examined, arrays provide a platfomi for identifying genes that are 
tissue specific, are affected by a substance being tested in a toxicology assay, are part of a signaling 
5 cascade, carry out housekeeping functions, or are specifically related to a particular genetic 
predisposition, conditio, disease, or disorder. 

Tbm is a need in the art for new compositions, including nucleic acids and proteins, for the 
diagnosis, prevention, and treatment of cardiovascular diseases, immune system disorders, 
neurological disorders, disorders affecting growth and development, lipid disord^, cell prolifemtive 
10 disorders, and cancers. 

SUMMARY OF THE INVENTION 

Various embodiments of the invention provide purified polypeptides, kinases and 
phosphatases, referred to collectively as *KPP' and individually as 'KPPA;' and methods for using 

15 these proteins and their encoding polynucleotides for the detection, diagnosis, and treatment of 
diseases and medical conditions. Embodiments also provide methods for utilizing the purified 
kinases and phosphatases and/or their encoding polynucleotides for facilitating the drug discov^ 
process, including determination of efficacy, dosage, toxicity, and pharmacology. Related 
embodiments provide methods for utilizing the purified kinases and phosphatases and/or their 

20 encoding polynucleotides for investigating the pathogenesis of diseases and medical conditions. 

An embodiment provides an isolated polypeptide selected firom the group consisting of a) a 
polypeptide comprising the amino acid sequence of SEQ ID NO:l, b) a polypeptide conq>rising a 
naturally occurring amino acid sequence at least 90% identical or at least about 90% identical to the 
ammo acid sequence of SEQ ID NO: 1, c) a biologically active firagment of a polypeptide having the 

25 anuno acid sequence of SEQ ID NO: 1 , and d) an immunogenic Augment of a polypeptide having the 
amino acid sequence of SEQ ID NO: 1. Another ennbodiment provides an isolated polypeptide 
comprising the amino acid sequence of SEQ ID NO:l. 

Still anotfaCT embodiment provides an isolated polynucleotide encoding a polypeptide 
'^selected'fioiiliiei ^up consis^ng of a) a polypeptide conqnising die amino acid sequence of SEQ ID 

30 NO: 1, b) a polypeptide comprising a naturally occurring amino acid sequence at least 90% identical 
or at least about 90% identical to the amino acid sequence of SEQ ID NO: 1, c) a biologically active 
fragment of a polypeptide having the amino acid sequence of SEQ ID NO: 1, and d) an immuno^nic 
fiagment of a polypeptide having the amino acid sequence of SEQ ID NO: 1. Jn another embodiment, 
the polynucleotide encodes the polypeptide of SEQ ID NO: 1. In an alternative embodiment, the 

35 polynucleotide is SEQ ID NO:2. 
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Still another embodiment provides a recomUnant polynucleotide conqsrising a promoter 
sequence operaMy linked to a polynucleotide encoding a polypeptide selected from flie group 
consisting of a) a polypeptide conq)rising the amino acid sequence of SEQ ID NO:l, b) a polypeptide 
comprising a naturally occurring amino acid sequence at least 90% identical or at least about 90% 
5 identical to the aniiao acid sequence of SEQ ID NOrl. c) a Uologically active fragment of a 

polypeptide having the amino acid sequence of SEQ ID NO: 1, and d) an immunogenic fragment of a 
polypeptide having the amino acid sequence of SEQ ID NO: 1. Another embodiment provides a cell 
transformed with the recombinant polynucleotide. Yet another enibodiment provides a transgenic 
organism conq>rising the recombinant polynucleotide. 

10 Another embodiment provides a method for producing a polypeptide selected from the group 

consisting of a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 1, b) a polypeptide 
coii^>rising a naturally occurring amino acid sequence at least 90% identical or at least about 90% 
identical to die amino acid sequence of SEQ ID NO: 1, c) a biologicaUy active fragment of a 
polypeptide having the amino acid sequence of SEQ ID NO: 1, and d) an immunogenic fragment of a 

15 polypeptide having the amino acid sequence of SEQ ID NO: 1 . The method comprises a) culturing a 
cell under conditions suitable for expression of the polypeptide, wherein said ceU is transformed with 
a recombinant polynucleotide comprising a promoter sequence operably linked to a polynucleotide 
encoding the polypeptide, and b) recovering the polypeptide so expressed. 

Yet another embodiment provides an isolated antibody which specifically binds to a 

20 polypeptide selected from the group consisting of a) a polypeptide comprising the ammo acid 

sequence of SEQ ID NO: 1, b) a polypeptide comprising a naturally occurring amino acid sequence at 
least 90% identical or at least about 90% identical to flie ammo acid sequence of SEQ ID NO: 1, c) a 
biologically active fragmmt of a polypeptide havmg the amino acid sequence of SEQ ED NO: 1, and 
d) an immunogenic fragment of a polypeptide having the ammo acid sequence of SEQ ID NO:l. 

25 Still yet another embodiment provides an isolated polynucleotide selected from the group 

consisting of a) a polynucleotide comprising the polynucleotide sequence of SEQ ID NO:2, b) a 
polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% identical or at 
least about 90% idmtical to tiie polynucleotide sequence of SEQ ID NO:2, c) a polynucleotide 
complementary fd tiie pQl3«ucreotiae of a)', d)Tpol>nEcieotide coiiqpien»sntary to die polynucleotide 

30 of b). and e) an RNA equivalent of a)-d). In otfier embodiments, flie polynucleotide can comprise at 
least about 20, 30, 40, 60, 80, or 100 contiguous nucleotides. 

Yet another embodiment provides a method for detectmg a target polynucleotide in a sample, 
said target polynucleotide being selected from flie group consisting of a) a polynucleotide comprising 
die polynucleotide sequence of SEQ ID N0:2, b) a polynucleotide comprising a naturally occurring 

35 polynucleotide sequence at least 90% identical or at least about 90% identical to flie polynucleotide 
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sequence of SEQ ID NO:2, c) a polynacleotide complementary to the polynucleotide of a), d) a . 
polynucleotide complementaiy to the polynucleotide of b), and e) an RNA equivalent of a)-d). The 
method conq)rises a) hybrididng the sample with a probe conqprising at least 20 contiguous 
nucleotides conqnising a sequence conq)lemBntaiy to said target polynucleotide in the sample, and 

S which probe specifically hybridizes to said target polynucleotide, under conditions whmby a 
hybridization complex is fcmned between said probe and said target polynucleotide or fragments 
thereof, and b) detecting the presence or absence of said hybridization complex. Jn a related 
embodiment, the method can include detecting the amount of the hybridization conq>Iex. In still other 
embodiments, the probe can conq>rise at least about 20, 30, 40, GO, 80, or 100 contiguous 

10 nucleotides. 

Still yet another embodiment provides a method for detecting a target polynucleotide in a 
san4>le, said target polynucleotide being selected from the groiqp consisting of a) a polynucleotide 
comprising the polynucleotide sequence of SEQ ID NO:2, b) a polynucleotide comprising a naturally 
occurring polynucleotide sequence at least 90% identical or at least about 90% identical to the 

15 polynucleotide sequence of SEQ ID NO:2, c) a polynucleotide complementary to the polynucleotide 
of a), d) a polynucleotide complementary to the polynucleotide of b), and e) an RNA equivalent of a> 
d). The method comprises a) amplifying said taiget polynucleotide or fragment thereof using 
polymerase chain reaction amplification, and b) detecting the presence or absence of said amplified 
target polynucleotide or firagment thereof. In a related embodiment, the method can include detecting 

20 the amount of the amplified target polynucleotide or firagment thereof. 

Another embodiment provides a composition comprising an effective amount of a 
polypeptide selected ftom the group consisting of a) a polypeptide conq)rising the amino acid 
sequence of SEQ ID NO: 1, b) a polypeptide comprising a naturally occurring amino acid sequence at 
least 90% identical or at least about 90% identical to the anuno acid sequence of SEQ ID NO: 1, c) a 

25 biologically active fragment of a polypeptide having the amino acid sequence of SEQ ID NO: 1, and 
d) an immunogenic fragment of a polypeptide having the amino acid sequence of SEQ ID NO: 1, and 
a pharmaceutically acceptable excipient. In one embodiment, the composition can comprise the 
amino acid sequCTce of SEQ ID NO: 1. Other embodiments provide a method of treating a disease or 
condition associated with decreased or abnormal expression of functional KPP, comprising 

30 administering to a patimt in need of such treatment the composition. 

Yet another embodiment provides a method for screening a compound for effectiveness as an 
agonist of a polypeptide selected from the group consisting of a) a polypeptide comprising the amino 
acid sequence of SEQ ID NO:l, b) a polypeptide comprising a naturally occurring amino acid 
sequence at least 90% identical or at least about 90% identical to the amino acid sequence of SEQ ID 

35 NO: 1, c) a biologically active fragment of a polypeptide having the amino acid sequence of SEQ ID 
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NO:l. and d) an immunogenic fragment of a polypeptide having the amino acidi»quence of SEQ ID 
NO:l. The method comprises a) contacting a san^le comprising the polypeptide with a c<»npound. 
and b) detecting agonist activity in the sample. Another embodiment provides a composition 
conq)rising an agonist compound identified by die method and a phannaceuticaUy acceptable 
excipient Yet another embodunent provides a method of treating a disease or condition associated 
with decreased expression of functional KPP. comprismg administering to a patient in need of such 
treatment the composition. 

Still yet another embodiment provides a mediod for screening a compound for effectiveness 
as an antagonist of a polypeptide selected from the group consisting of a) a polypqrtide comprising 
the amino acid sequence of SEQ ID NO:l. b) a polypeptide conq>rismg a naturally occurring ammo 
add sequence at least 90% identical or at least about 90% identical to the amino acid sequence of 
SEQ ID NO:l. c) a biologically active fragment of a polypeptide havmg the amino acid sequence of 
SEQ ID NO:l. and d) an immunogenic fragment of a polypeptide having die amino acid sequence of 
SEQ ID NO:l. The method comprises a) contactmg a sample comprising the polypeptide with a 
compound, and b) detecting antagonist activity in the sample. Another embodiment provides a 
composition comprising an antagonist compound identified by the method and a pharmacentically 
acceptable excipient Yet another embodiment provides a mediod of treating a disease or condition 
associated with overexpression of functional KPP. comprising admmistering to a patient in need of 
such treatmHit the conqwsition. 

Another embodiment provides a method of screemng for a compound that specifically bmds 
to a polypeptide selected from the group consisting of a) a polypeptide comprising the amino acid 
sequence of SEQ ID NO: 1. b) a polypeptide comprising a naturally occurring amino acid sequence at 
least 90% identical or at least about 90% identical to the amino add sequence of SEQ ID NO:l, c) a 
WologicaUy active fragment of apolypeptide havmg the amino acid sequence of SEQ ID NO:l, and 
d) an immunogenic fiiigment of a polypeptide having the ammo add sequence of SEQ ID NO: I. The 
method comprises a) combining the polypeptide with at least one test compound under suitable 
conditions, and b) detecting binding of die polypeptide to die test compound, thereby identifying a 
conqtound diat specificaUy binds to the polypeptide. 

Yettmother^b<sdiiiiOTfprovfd€*aTm^ tfiat modutat^ die 

activity of a polypeptide selected from tiie group consisting of a) a polypeptide comprising die amino 

acid sequence of SEQ ID Nai,b)apolypeptidecompri8inganaturally occurring amino acid 
sequence at least 90% identical or at least about 90% identical to die amino acid sequence of SEQ ID 
NO:l. c) a biologicaUy active fragment of a polypeptide havmg the amino acid sequence of SEQ ID 
NO:l. and d) an immunogenic fragment of a polypeptide having the amino acid sequence of SEQ ID 
NO:l. The mediod comprises a) combfaing die polypeptide wiUi at least one test compound under 
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conditions pennissive for the activity of the polypeptide, b) assessing the activity of the polypeptide 
in the ptesence of the test compound, and c) conqiaring the activity of the polypeptide in the piesence 
of the test compound with the activity of the polypeptide in the absence of the test compound, 
wherein a change in the activity of the polypeptide in the presence of tiie test compound is indicative 
S of a conqiound that modulates the activity of the polypeptide. 

Still yet another enibodunent provides a method for screening a compound for effectiveness 
in altering expression of a target polynucleotide, wherein said target polynucleotide con^rises the 
polynucleotide sequence of SEQ ID NO:2, the meUiod conq>rismg a) contacting a sample comprising 
the target polynucleotide with a conq>ound, b) detecting altered expression of the target 

10 polynucleotide, and c) comparing the expression of the target polynucleotide in the presence of 
varying amounts of the conq)ound and in the absence of the compound. 

Another embodiment provides a method for assessing toxicity of a test compound, said 
method comprising a) treating a biological sample containing nucleic acids with the test compound; 
b) hybridizing the nucleic acids of the treated biological sample with a probe comprising at least 20 

15 contiguous nucleotides of a polynucleotide selected from the group consisting of i) a polynucleotide 
comprising the polynucleotide sequence of SEQ ID NO:2, ii) a polynucleotide comprising a naturally 
occurring polynucleotide sequence at least 90% identical or at least about 90% identical to the 
polynucleotide sequence of SEQ ID NO:2, iii) a polynucleotide having a sequence complementary to 
i), iv) a polynucleotide complementary to the polynucleotide of ii), and v) an RNA equivalent of i)- 

20 iv). Hybridization occurs under conditions whereby a specific hybridization complex is formed 
between said probe and a target polynucleotide in the biological sample, said target polynucleotide 
selected from the group consisting of i) a polynucleotide comprising the polynucleotide sequence of 
SEQ ID NO:2, ii) a polynucleotide comprismg a naturally occurring polynucleotide sequence at least 
90% identical or at least about 90% identical to the polynucleotide sequence of SEQ ID NO:2, iii) a 

25 polynucleotide com|>lementary to the polynucleotide of i), iv) a polynucleotide complementary to the 
polynucleotide of ii), and v) an RNA equivalent of i)-iv). Alternatively, the target polynucleotide can 
comprise a fragment of a polynucleotide selected from the group consisting of i)-v) above; c) 
quantifying the amount of hybridization complex; and d) con^aring the amount of hybridization 
'complex in tfie treated biologic^ sample with the amount of hytddization complex in an untreated 

30 biological sample, wherein a difTerence in the amount of hybri<ttzation complex in the treated 
biological sample is indicative of toxicity of the test compound. 

BRIEF DESCRBPnON OF THE TABLES 
Table 1 summarizes the nomenclature for fiiU length polynucleotide and polypeptide 
35 embodiments of the invention. 

20 



PF.17I0P 

Table 2 shows the GenBank identification number and annotation of the neaiest GenBank 
homolog, and die FROTEOMB database identification nunabeis and annotations of PROTEOME 
database homologs, for polypeptide embodhnents of the invration. The probability scores for the 
matches between each polypeptide and its homolog(s) axe also shown. 

Table 3 shows stractural features of polypeptide embodiments, includhig predicted motifs 
and domains, along witii the metfiods. algoritimis. and searchable databases used for analysis of flie 
polypeptides. 

Table 4 lists the cDNA and/or genonuc DNA firagmrats which were used to assemble 
polynucleotide embodiments, along witti selected fragments of tiie polynucleotides. 

Table 5 shows ttie tools, programs, and algoritiuns used to analyze polynucleotides and 
polypeptides, along witti appUcable descriptions, references, and ttireshold parameters. 
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DESCRIPTION OF THE INVENTION 

15 Before the present proteins, nucleic acids, and methods are described, it is understood tiiat 

embodiments of the invention are not limited to tiie particular machines, mstruments. materials, and 
metfiods described, as these may vary. It is also to be understood ttiat die termmblogy used herein is 
for the purpose of describing particular embodhnents only, and is not intended to limit tiie scope of 
the invention. 

As used herein and in the appended claims, die singular forms ''a," "an," and "the" include 
plural reference unless tfie context clearly dictates otherwise. Thus, for example, a reference to "a 
host cell" mcludes a plurality of such host cells, and a reference to "an antibody" is a reference to one 
or more antibodies and equivalents tfxereof known to tiiose skilled m the art, and so forth. 

Unless defined otfierwise, all technical and scientific tenns used herem have the same 
25 meamngs as commonly understood by one of ordinary skill m tfie art to which this invention belongs. 
Alfliough any machines, materials, and metiiods simUar or equivalent to tfiose described herein can be 
used to practice or test the present mvention, the prefeired machines, materials and metiiods are now 
described. All pubHcations mentioned herem are cited for tiie puipose of describing and disclosmg 
flie cellTihes, pfbt6bbb; ieag^^ publications and which might 

be used in connection witfi various embodiments of tfie invention. Noflung herem is to be construed 
as an admission tiiat tfie uivention is not entitf ed to antedate such disclosure by virtue of prior 
invention. 
DEFINITIONS 

••KPF' refers to tfie amino acid sequences of substantially purified KPP obtained fi-om any 
species, particularly a mammalian species, mcluding bovme. ovme, porcme, murine, equme. and 
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human, and from any source, whether natural, synthetic, semi-synthetic, or lecombinanL 

The tenn "agonist" refers to a molecule which mtensifies or mimics the biolo^cal activiQr of 
KPP. Agonists may include proteins, nucleic acids, caibohydrates. small molecules, or any othra- 
compound or conq)osition which modulates the activity of KPP either by directly interactmg with 
KPP or by acting on components of the biological pathway in which KPP paitidpates. 

An "alleUc variane* is an alternative form of the geot oicoding KPP. Allefic variants may 
resuh from at least one mutation in the nucleic acid sequence and may result in altered mRNAs at in 
polypeptides whose structure or function may or may not be altered. A gene may have none. one. or 
many aUelic variants of its naturally occurring form. Common mutational changes which give rise to 
allelic variants are generally ascribed to natural deletions, additions, or substitutions of nucleotides. 
Each of these types of changes may occur alone, or in combmation with the others, one or more times 
in a given sequence. 

"Altraed" nucleic acid sequences encoding KPP include those sequences with deletions, 
msertions. or substitutions of different nucleotides, resulting in a polypeptide the same as KPP or a 
polypeptide with at least one functional characteristic of KPP. Included widiin this definition are 
polymorphisms which may or may not be readUy detectable using a particular oligonucleotide probe 
of the polynucleotide encoding KPP. and improper or unexpected hybridization to allelic variants, 
wifli a locus othw than the noimal chromosomal locus for tiie polynucleotide encoding KPP. The 
fflicoded protein may also be "altered.'* and may contain deletions, insertions, or substitiitions of 
ammo acid residues which produce a silent change and result m a functionally equivalent KPP. 
Deliberate amino acid substitutions may be made on the basis of one or more similarities in polarity, 
charge. sohibUity. hydtophdbicity. hydrophilicity. and/or the amphipathic nature of tiie residues, as 
long as the Wological or immunologica] activity of KPP is tetamed. For exanq>le, negatively charged 
ammo adds may include aspartic acid and glutamic acid, and positively charged amino adds may 
hiclode lysine and arginine. Amino adds witfi undiatged polar side chains having similar 
hydrophiHcity values may inchide: asparagine and glutamine; and serine and tineonme. Ammo acids 
witfi uncharged side dudns havmg similar hydrophilidly values may mdude: leucine, isoleudne. and 
valine: glycine and alanine; and {dienylalanine and tyrosine. 

, The ttams "amino add"-alid "amino add sgquaTce" cufrefeftoan oligopeptide. a p^tide, a ' 

polypeptide; or a protein sequ^ice. or a fiagment of any of these, and to naturally occuning c»r 
synthetic molecules. Where "amino acid sequence" is recited to refer to a sequence of a naturally 
occurring protein molecule, "amino acid sequence" and lilce tenms are not meant to limit the ammo 
acid sequence to the complete native ammo acid sequence associated with tiie recited protein 
molecule. 

"Anq>lification" relates to tiie production of additional copies of a nucleic add. 
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Anqplification may be caiiied out using polymerase chain leaction (PGR) technologies or other 

nucleic acid anqilification technologies well known in the art 

The tenn "antagonist" refers to a molecule which inhibits or attenuates the biolo^cal activity 

of KFP. Antagonists may include proteins such as antibodies, anticaUns, nucleic acids, 
5 carbohydrates, small molecules, or any odier conq)Ound or conq)osition which modulates the activity 

of KPP either by directly interacting with KPP or by acting on componrats of the biological pathway 

in which KPP participates. 

The terra "antibody" refers to intact immunoglobulin molecules as well as to fiagments 

thereof, such as Fab, F(ab')2. and Fv fragments, which are capable of binding an epitopic determinant 
10 Antibodies that bind KPP polypeptides can be prepared using intact polypeptides or using fragments 

containing small peptides of interest as the immunizing antigen. The polypeptide or oligopeptide 

used to inununize an animal (e.g., a mouse, a rat, or a rabbit) can be derived fix)m the translation of 

RNA, or synthesized chemically, and can be conjugated to a carrier protein if desired. Commonly 

used carriers that are chemically coupled to peptides include bovine serum albumin, thyroglobulin, 
L5 and keyhole linnet hemocyanin (KLH). The coupled peptide is then used to immunize the animal. 

The term "antigenic determinant" refers to that region of a molecule (i.e., an epitope) that 

makes contact with a particular antibody. When a protein or a fragment of a protein is used to 

immunize a host animal, numerous regions of the protein may induce the production of antibodies 

which bind specifically to antigenic determinants (particular regions or three-dimensional structures 
20 on the protein). An antigenic determinant may compete with the intact antigen (i.e., the immunogen 

used to elicit the immune response) for binding to an antibody. 

The term "aptamer" refers to a nucleic acid or oligonucleotide molecule that binds to a 

specific molecular target Aptamers are derived from an in vitro evolutionary process (e.g., SELEX 

(Systematic Evolution of ligands by Exponential Enrichment), described m U.S. Patent No. 
25 5,270,163), xMch selects for target-specific aptamer sequences from large combmatorial libraries. 

Aptamer compositions may be double-stranded or single-stranded, and may include 

deoxyribonucleotides, ribonucleotides, nucleotide derivatives, or other nucleotide-like molecules. 

The nucleotide comqponents of an aptamer may have modified sugar groups (e.g., the 2'-OH group of a 
■ nbbnmledfide'inayBereplac^^ 
30 resistance to nucleases or longer lifetime in blood. Aptamers may be conjugated to other molecules, 

e.g., a high molecular weight carrier to slow clearance of the aptamer from the circulatory system. 

Aptamers may be specifically cross-linked to tiieir cognate ligands, e.g., by photo-activation of a 

cross-linker (Brody, E.N, and L. Gold (2000) J. BiotechnoL 74:5-13). 

The term "intramer*" refers to an aptamer which is expressed in vivo. For example, a vaccinia 
35 vmis-based RNA expression system has been used to express specific RNA aptamers at high levels in 
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the cytoplasm of leukocytes CBlind, M. et al. (1999) Pttjc. NaU. Acad. Sci. USA 96:3606-3610). 

TTie term "spiegelmei" refers to an aptamer which mcludes L-DNA. L-RNA. or othw lefl- 
handed nucleotide derivatives or nucleoUde-like molecules. Aptamere containing lefi-handed 
nucleotides are resistant to degradation by naturally occuning enzymes, which normaUy act on 
substrates containing right-handed nucleotides. 

The term "antisense" refers to any conq>osition capable of base-pairing with the "sense" 
(coding) strand of a polynucleotide having a specific nucleic acid sequence. Antisense compositions 
may include DNA; RNA; peptide nucleic acid (PNA); oligonucleotides having niodified bacldx>ne 
linkages such as phosphorothioates. methylphosphonates. or benzylphosphonates; oUgonucleotides 
having modified sugar groups such as 2'-methoxyethyl sugars or 2'-methoxyethoxy sugan; or 
oligonucleotides having modified bases such as 5-methyl cytosine. 2'-deoxyuracil, or 7Kleaza-2'- 
deoxyguanosine. Antisense molecules may be produced by any method including chemical synthesis 
or transcription. Once introduced into a cell, the complementary antisense molecule base-pairs with a 
natuiaUy occuning nucleic acid sequence produced by die cell to form duplexes which block either 
tianscrq,tion or translation. The designation "negative" or "minus" can refer to the antisense strand, 
and the designation "positive" or "plus" can refer to the sense strand of a reference DNA molecule. 

Tlie term "biologically active" refers to a protein having stmctural. regulatory, or biochemical 
functions of a naturaUy occuning molecule. Likewise, "fanmunologically active" or "immunogenic" 
refers to the capabUily of the natural, recombinant, or synthetic KPP. or of any oligopeptide thereof 
to induce a specific immune response in appropriate animals or ceUs and to bind with specific 
antibodies. 

"Complementary" describes the relationship between two smgle-stranded nucleic acid 
sequences that amieal by base-paiiing. For example. S'-AGT-S' pairs with its complement, 
3'-TCA-5'. 

A "composition comprising a given polynucleotide" and a "composition comprising a given 
polypeptide" can refer to any composition contaming the given polynucleotide or polypeptide. The 
composition may comprise a dry fbnnulation or an aqueous solution. Compositions comprising 
polynucleotides encodmg KPP or ftagments of KPP may be employed as hybridization probes. The 
^probes-may be stored in fieeze^edfbnaand mayT» ass-oclatea w^^ ^ch as a 

carbohydrate. In hybridizations, the probe may be deployed in an aqueous solution containing salts 
(e.g.. NaCl). detergents (e.g.. sodium dodecyl sulfiite; SDS), and other components (e.g.. Denhardfs 
solution, diy milk, salmon sperm DNA, etc.). 

"Consensus sequence" refers to a nucleic acid sequence which has been subjected to repeated 
DNA sequence analysis to resolve uncalled bases, extended using the XL-PCR kit (Applied 
Biosystems. Foster City CA) in the 5' and/or the 3' direction, and resequenced, or which has been 
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assembled from one or more overlapping cDNA, EST, or genomic DNA fragments using a conq)uter 
program for fragment assembly, such as the GELVIBW fragment assenibly system (Accelrys, 
Burlington MA) or Phrap (University of Washington, Seattle WA). Some sequences have been both 
extended and assembled to produce the consensus sequence. 

"Conservative amino acid substitutions** are those substitutions that are predicted to least 
interfere with the properties of the original protein, i.e., the structure and especially the function of 
the protein is conserved and not significantly changed by such substitutions. The table below shows 
amino acids which may be substituted for an original amino acid in a protein and which are regarded 
as conservative amino acid substitutions. 
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Orisinal Residue 


Conservative Substitution 


Ala 


Gly, Ser 


Arg 


His, Lys 


Asn 


Asp, Gin, His 


Asp 


Asn, Glu 


Cys 


Ala, Ser 


Gin 


Asn, Glu, His 


Glu 


Asp, Gin, His 


Gly 


Ala 


His 


Asn, Arg, Gbi, Glu 


De 


Leu, Val 


Leu 


De, Val 


Lys 


Arg, Ghi, Glu 


Met 


Leu, He 


Phe 


His. Met, Leu, Trp, Tyr 


Ser 


Cys. Thr 


Thr 


Ser, Val 


Trp 


Phe. Tyr 


Tyr 


IBs, Phe, Tip 


Val 


ne. Leu, Thr 



Conservative amino acid substitutions generally maintain (a) the structure of the polypeptide 
backbone in the area of the substitution, for exan^)le, as a beta sheet or alpha helical conformation, 
(b) the charge or hydrophobicity of the molecule at the site of the substitution, and/or (c) the bulk of 
the side chain. 

3^ A "deletion" refers to a change in the amino acid or nucleotide sequence that results in the 

absence of one or more amino acid residues or nucleotides. 

The term "derivative" refers to a chemically modified polynucleotide or polypeptide. 
Chemical modifications of a polynucleotide can include, for example, replacement of hydrogen by an 
alkyl. acyl, hydroxyl, or amino group. A derivative polynucleotide encodes a polypeptide which 

40 retains at least one biological or immunological function of die natural molecule. A derivative 

polypeptide is one modified by glycosylation. pegylation, or any similar process that retams at least 
one biological or immunological fimction of die polypeptide from which it was derived. 
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A **detectable label" refers to a reporter molecule or enzyme that is capable of geneiating a 
measurable signal and is covalently or noncovalently joined to a polynucleotide ^polypeptide* 

'Differential expression" refers to increased or upregulated; or decreased, downregulated, or 
absent gene or protein expression, determined by comparing at least two diffeient samples. Such 
5 comparisons may be carried out between^ for exanq>le, a treated and an untieated saiiq>le, or a 
diseased and a normal san[q>le. 

**Exon shufflmg" refers to the recombination of different coding regions (exons). Since an 
exon may represent a structural or functional domain of the encoded protein, new protems may be 
assembled through the novel reassortment of stable substructures, thus allowing acceleration of the 
10 evolution of new protein functions. 

A **fragment" is a unique portion of KPP or a polynucleotide encoding KPP which can be 
identical in sequence to. but shorter in length than, the parent sequence. A fragment may conq)rise up 
to the entire length of the defined sequence, minus one nucleotide/amino acid residue. For example, a 
fiagment may comprise from about 5 to about 1000 contiguous nucleotides or ammo acid residues. A 
15 fragment used as a probe, primer, antigen, therapeutic molecule, or for other purposes, may be at least 
5, 10, 15, 16, 20, 25, 30, 40, 50, 60, 75, 100, 150, 250 or at least 500 contiguous nucleotides or ammo 
acid residues m length. Fragments may be preferentially selected from certain regions of a molecule. 
For example, a polypeptide fragment may con^^rise a certain lengdi of contiguous amino acids 
selected from the first 250 or 500 amino acids (or first 25% or 50%) of a polypeptide as shown in a 
20 certam defined sequence. Clearly these lengths are exemplary, and any length that is supported by 
the specification, including the Sequence Lisjing, tables, and figures, may be enconqiassed by the 
present embodiments. 

A fiagment of SEQ ID NO:2 can comprise a region of unique polynucleotide sequence that 
specifically identifies SEQ ID NO:2, for example, as distinct from any other sequence in the genome 
25 from which the fragment was obtained. AfragmentofSEQIDNO:2canbeenq>loyedinoneormorc 
embodunents of methods of the invention, for example, in hybridization and an^lification 
technologies and in analogous methods that distinguish SEQ ID NO:2 from related polynucleotides. 
The precise lengtii of a firagment of SEQ ID NO:2 and tiie region of SEQ ID NO:2 to which the 
- fragment corresponds aa:e routinely de^n^ one*of ordinary stolfin She art bas^ on the 
30 intended purpose for the fiagment. 

A fragment of SEQ ID NO: 1 isencodedby a fragment of SEQ ID NO:2. Afragment of SEQ 
ID NO: 1 can comprise a region of unique amino acid sequence that specifically identifies SEQ ID 
NO:l. For example, a fiagment of SEQ ID NO:l can be used as an immunogenic peptide for die 
development of antibodies tiiat specifically recognize SEQ ID NO: 1. The precise length of a 
35 fi:agment of SEQ ID NO:l and tiie region of SEQ ID NO:l to which the fragment corresponds can be 



26 



PF-1710P 

detenmned based on die intended purpose for the fragment using one or more analytical metfiods 
described herein or otherwise known in the ait 

A "full length" polynucleotide is one containing at least a translation niitiation codon (e.g., 
methionine) followed by an reading frame and a translation termination codon. A "full length" 
5 polynucleotide sequence encodes a "full length" polypeptide sequraice. 

"Homology" refers to sequence similarity or, alternatively, sequence identity, between two or 
more polynucleotide sequences or two or more polypeptide sequences. 

The terms "percent identity** and "% identity," as applied to polynucleotide sequences, refer 
to the percentage of identical nucleotide matches between at least two polynucleotide sequences 
10 ahgned using a standardized algoiitimi. Such an algorithm may insert, in a standaidized and 

reproducible way, gaps in die sequences being compared in order to optimize alignment between two 
sequences, and therefore achieve a more meaningful con^aiison of the two sequraces. 

Praicent identity between polynucleotide sequences may be determined using one or more 
computer algorithms or programs known in tiie art or described herein. For exan^le, percent identity 
15 can be determined using tiie default parameters of tiie CLUST AL V algoritiun as mcoiporated into 
the MEGALIGN version 3.12e sequence aUgmnent program. This program is part of the 
LASERGENE software package, a suite of molecular biological analysis programs (DNASTAR, 
Madison WT). CLUSTAL V is described in Higgms, D.G. and P.M. Sharp (1989; CABIOS 5:151- 
153) and in Higgins, D.G. et al. (1992; CABIOS 8:189-191). For pairwise aligmnents of 
20 polynucleotide sequoaces. the default parametere are set as follows: Ktuple=2, gap penalty=5, 

window=4, and "diagonals saved"=4. The "weighted" residue weight table is selected as die default. 
Alternatively, a suite of commonly used and freely available sequence con5)arison algorithms 
which can be used is provided by die National Center for Biotechnology Information (NCBI) Basic 
Local AUgnment Search Tool (BLAST) (Altschul, S.F. et al. (199(>) J. Mol. Biol. 215:403-410), 
25 which is avaUtible from several sources, includmg die NCBI, Betfiesda, MD. and on the Internet at 
ht9://www.ncbi Jihanih.gov/BLAST/. The BLAST software suite includes various sequence 
analysis programs hicludmg "blastn," tiiat is used to aUgn a known polynucleotide sequoice with 
otiier polynucleotide sequences fkom a variety of databases. Also available is a tool called "BLAST 2 
- -■ -^Sequences" that is' uSed'fo dfiect pairwise cdmpin^n nncleotlite sequences. "BLAST 2 
30 SequOTces" can be accessed and used intnactively at htip:/Airww.ncbi.nhn.nih.gov/gor^l2.html. 
The "BLAST 2 Sequmces" tool can be used for botii blastn and blastp (discussed bdow). BLAST 
programs are commonly used witii gap and other paramet^ set to default settings. For exaiiq>le. to 
compare two nucleotide sequences, one may use blastn with the "BLAST 2 Sequences" tool Version 
2.0.12 (^ril-21-2000) set at default parameters. Such default parameters may be, for example: 
35 Matrix: BLOSUM62 
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Reward for match: 1 
Penalty for mismatch: -2 
Open Cap: 5 and Extension Gap: 2 penalties 
Gap X drop-off: 50 
5 Expect: 10 

Word Size: 11 
Filter: on 

Percent identity may be measured over the length of an ratire defined sequence, for example, 
as defined by a particular SEQ ID number, or may be measuied over a shorter length, for exanqile, 
10 over the length of a fragment taken from a larger, defined sequence, for instance, a fragment of at 
least 20. at least 30. at least 40. at least 50, at least 70. at least 100, or at least 200 contiguous 
nucleotides. Such lengths are exenqjlary only, and it is understood that any fragment length 
supported by the sequences showm herein, in the tables, figures, or Sequence Listing, may be used to 
describe a length over which percentage identity may be measured. 

15 Nucleic acid sequences that do not show a high degree of identity may nevertheless encode 

similar amino acid sequences due to the degeneracy of the genetic code. It is understood that changes 
in a nucleic acid sequence can be made using this degeneracy to produce multiple nucleic acid 
sequences that all encode substantially the same protein. 

The phrases ''percent identity" and "% identity," as appHed to polypeptide sequences, refer to 

20 the percentage of identical residue matches between at least two polypeptide sequences aligned using 
a standardized algorithm. Methods of polypeptide sequence alignment are weU-known. Some 
alignment mediods tate into account conservative amino acid substitutions. Such conservative 
substitutions, explained in more detail above, generally preserve the charge and hydrophobicity at the 
site of substitution, thus preswvmg the structure (and therefore function) of the polypeptide. The 

25 phrases '^percent similarity" and "% sunilarity," as applied to polypeptide sequences, refer to the 
percentage of residue matches, including identical residue matches and conservative substitutions, 
between at least two polypeptide sequences aUgned using a standardized algorithm. In contrast, 
conservative substitutions are not included m the calculation of percent identity between polypeptide 
sequences. ' ' " - • - - - - - *— • " 

30 Percent identity between polypeptide sequences may be determined using the default 

parameters of the CLUSTAL V algorithm as incorporated into the MEGALIGN version 3. 12e 
sequence alignment program (described and referenced above). For pairwise alignments of 
polypeptide sequences using (XUSTAL V, the default parameters are set as follows: Ktuple=l. gap 
penalty=3, window=:5, and "diagonals saved"=5. The PAM250 matrix is selected as the default 

35 residue weight table. 
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Alternatively the NCBI BLAST sofhvaiB suite may be used. For example, for a pairwise 
conq)arison of two polypeptide sequences, one may use the "BLAST 2 Sequences" tool Version 
2.0. 12 (April-21 -2000) with blasip set at defoult parameters. Such defiudt parameter may be, for 
exaiiq>le: 

Matrix: BLOSUM62 

Open Gap: 11 and Extension Gap: 1 penalties 
Gap X drop-t>ff: 50 
Expect: 10 
Word Size: 3 
Filter: on 

Percent identity may be measured over the lengdj of an entire defined polypeptide sequence, 
for example, as defined by a particular SEQ ID number, or may be measured over a shorter length, for 
example, over tiie lengfli of a fragment taken from a larger, defined polypeptide sequence, for 
instance, a fragment of at least 15, at least 20. at least 30. at least 40. at least 50, at least 70 or at least 
150 contiguous residues. Such lengths are exemplary only, and it is undenstood tiiat any fragment 
lengfli supported by Uie sequences shown herein, in tiie tables, figures or Sequence Listing, may be 
used to describe a l^igth over which percentage identity may be measured. 

"Human artificial chromosomes" (HACs) are linear microchromosomes which may contain 
DNA sequences of about 6 M) to 10 Mb m size and which contain aU of tiie elements required for 
chromosome replication, segregation and muntenance. 

The teim "humanized antibody" refws to an antibody molecule m which Uie amino acid 
sequence m tiie non-antigen binding regions has been altered so that tfie antibody more closely 
resonbles a human antibody, and still retains its oiigmal binding ability. 

"Hybridization" refws to tiie process by which a polynucleotide strand anneals with a 
complementary strand tfirough base pairing under defined hybridization conditions. Specific 
hy1»idizati(»i is an mdication tiiat two nucleic acid sequences share a high degree of 
complementarity. Specific hybridization complexes form under pennissive annealing conditions and 
remato hybridized after tiie ' Vashmg" stq)(s). llie washmg step(s) is particularly unportant m 
=detennunng^estringeBcyuf tiie hybndizatiofl pictes's, ^^fli in6^^ less 
non-specific bumBng. Le., buiding between pairs of nucleic acid strands tiiat are not perfectiy 
matched. Permissive conditions for annealing of nucleic acid sequences are routinely determmable 
by one of ordinary skill in tiie art and may be consistent among hybridization experiments, whereas 
. wash conditions may be varied amoqg experiments to achieve tiie desired stringency, and tiierefbre 
hybridization specificity. Permissive annealmg conditions occur, for exanqile. at 68"C m tiie 
presence of about 6 x SSC, about 1% (w/v) SDS. and about 100 Mg^ml sheared, denatured salmon 
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sperm DNA. 

Genially, strmgracy of hybridization is »piessed, in part, with reference to the tenqierature 
under which the wash st^ is carried out Such wash temperatures are typically selected to be about 
5^ to 2X3PC lower than the thermal melting point (T^ for the specific sequence at a defined ionic 

5 strength and pH. The T„ is the ten^erature (under defined ionic strength and pH) at which 50% of 
the target sequence hybridizes to a perfectly matched probe. An equation for calculating T„ and 
conditions for nucleic acid hybridization are well known and can be found in Sanibrook, J. and D.W. 
Russell (2001; Molecular Qoning: A La hnratory Manual. 3xd ed., vol. 1-3. Cold Spring Harbor Press, 
Cold Spring Harbor NY* ch. 9). 

10 High stringency conditions for hybridizaticm between polynucleotides of the present 

invention include wash conditions of 68*^C in the presence of about 0.2 x SSC and about 0.1% SDS, 
for 1 hour. Alternatively, tenq>eratures of about 65°C, 60**C, 55°C. or 42^C may be used SSC 
concentration may be varied from about 0. 1 to 2 x SSC, with SDS being present at about 0.1%. 
TypicaUy, blocking reagents are used to block non-specific hybridization. Such blocking reagents 

IS include, for instance, sheared and denatured salmon sperm DNA at about 100-200 fig/tnl. Organic 
solvent, such as formamide at a concentration of about 35-50% v/v, may also be used under particular 
circumstances, such as for RNAtDNA hybridizations. Useful variations on these wash conditions 
will be readily apparent to those of ordinary skill in the art. Hybridization, particularly under high 
stringency conditions, may be suggestive of evolutionary similarity between the nucleotides. Such 

20 similarity is strongly indicative of a similar role for the nucleotides and their encoded polypeptides. 

The term "hybridization coniplex" refers to a complex formed between two nucleic acids by 
virtue of the formation of hydrogen bonds between complementary bases. A hybridization complex 
may be formed in solution (e.g., Qt or R^t analysis) or formed between one nucleic acid present in 
solution and another nucleic acid immobilized on a solid support (e.g., paper, membranes, filters, 

25 chips, pins or glass slides, or any other appropriate substrate to which cells or their nucleic acids have 
been fixed). 

The words ^'insertion" and "addition" refer to changes in an amino acid or polynucleotide 
sequence resulting in the addition of one or more amino acid residues or nucleotides, respectively, 
'linmune response" can refer to conditicms associated with inflammation, trauma, immune 
30 disorders, or infectious or genetic disease, etc. These conditions can be charactmzed by expression 
of various factors, e.g., cytokines, chemokines, and other signaling molecules, which may affect 
cellular and systenuc defense syst^cns* 

An 'Hnununogenic fragment" is a polypeptide or oligopeptide fragment of KPP which is 
capable of eliciting an immune response when introduced into a living organism, for example, a 
35 nuunmal. The term "immunogenic firagment" also includes any polypeptide or oligopeptide fragment 
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Of KPP which is usefid in any of the antibody production methods disclosed herein or known in the 



art 



The term "nucroarcay" refers to an arrangement of a ploiality of polynucleotides, 
polyp^tides, antibodies, or othar chemical compounds on a substrate. 

The tenns "demenf * and "airay element" refer to a polynucleotide, polypeptide, antibody, or 
other chemical compound having a unique and defined position on a microairay. 

The term "modulate" refers to a change in the activity of KPP. For example, modulation may 
cause an mcrease or a decrease in protein activity, binding characteristics, or any other biological, 
functional, or immunological properties of KPP. 

The phrases "nucleic acid" and "nucleic acid sequence" lefer to a nucleotide, oUgonucleotide. 
polynucleotide, or any fragment tiiereof. These phrases also refer to DNA or RNA of genomic or 
synthetic origin which may be single-stranded or double-stranded and may represent tiie sense or tfife 
antisense strand, to peptide nucleic acid (PNA), or to any DNA-like or RNA-like material. 

"Operably linked" refers to tiie situation in which a first nucleic acid sequence is pbced m a 
functional relationship witii a second nucleic acid sequence. For instance, a promoter is operably 
linked to a coding sequence if tfie promoter affects tiie transcription or expression of the coding 
sequence. Operably Imked DNA sequences may be in close proximity or contiguous and. where 
necessary to jom two protem coding regions, in tiie same reading frame. 

'T^tide nucleic acid" (PNA) refers to an antisense molecule or anti-gene agent which 
comprises an oligonucleotide of at least about 5 nucleotides m lengtii linked to a peptide backbone of 
amino acid residues ending m lysme. The terminal lysme confers soIubiUty to the composition. 
PNAs preferentially Wnd complementary single stranded DNA or RNA and stqp transcript 
elongation, and may be pegylated to extend tiieir lifespan in tiie cell. 

"Pbst-translational modification" of an KFP n^y involve lipidation, glycosylation. 
phosphorylation, acetylation. racemization, proteolytic cleavage, and otiier modifications known m 
die art These processes may occur syntiieticaUy or biochemically. Biochemical modifications will 
vary by cell type d^nding on the enzymatic milieu of KPP. 

"Pttibe" refers to nucleic acids encodhig KPP, tfiek complements, or fragmoits tiieieof, 
whichwTisedtirdetgctlde£fficaT«UleKrorrferatean ' 

oligonucleotides or polynucleotides attached to a detectable label or reporter molecule. Topical 
labels include radioactive isotopes, ligands. chemilummescrat agents, and enzymes. "Primers" are 
short micleic adds, usually DNA oligonucleotides, which may be annealed to a target polynucleotide 
by complementary basfr-pafaing. The primer may then be extended aloi« die target DNA strand by a 
DNA polymerase enzyme. Primer pairs can be used for arnplification (and identification) of a nucleic 
acid, e.g.. by die polymerase dhain reacticm (PGR). 



31 



PF-1710P 

Probes and primeis as used in flie present invention typically comprise at least 15 contiguous 
nucleotides of a known sequence. In order to enhance specificity, Icmger probes and prim^ may also 
be employed, such as probes and primers that con^rise at least 20, 25, 30, 40, 50, 60, 70, 80, 90, 100. 
or at least 150 consecutive nucleotides of the disclosed nucleic acid sequmces. Probes and primers 
5 may be considerably longer than these examples, and it is undmtood that any length supported by Ae 
specification, including the tables, figures, and Sequence Listing, may be used. 

Mediods for preparing and using probes and primers are described in, for exanQ)le, 
Sambrook, J. and D.W. RusseH (2001; Molecular aoninpr A Laboratory Maniiay 3rd ed., vol. 1-3, 
Cold Spring Harbor Press, Cold Spring Harbor NY), Ausubel, RM. et al. (1999; Short Protocols in 
10 Molecular Biologny, 4* ed., John Wiley & Sons. New York NY), and Innis, M. et al. (1990; PGR 

Protocols, A Guide to Methods and Applications. Academic Press, San Diego CA). PGR primer pairs 
can be derived from a known sequence, for example, by using computer programs intended for that 
purpose such as Primer (Version 0.5, 1991, Whitehead Lastinite for Biomedical Research, Cambrid^ 
MA). 

15 Oligonucleotides for use as primers are selected using software known in the art for such 

purpose. For exanq)le, OLIGO 4.06 software is useful for the selection of PGR primer pairs of up to 
100 nucleotides each, and for the analysis of oligonucleotides and larger polynucleotides of up to 
5,000 nucleotides from an input polynucleotide sequence of up to 32 kilobases. Similar primer 
selection programs have incorporated additional features for expanded capabilities. For example, the 

20 FrimOU primer selection program (available to the public fi^om the Gtenome Center at University of 
Texas South West Afedical Center, Dallas TX) is capable of choosmg specific primers from 
megabase sequences and is thus usefiil for designing primers on a genome-wide scope. The PrimerS 
primCT selection program (available to the public from tiie Whitehead ]tastitute/MlT Center for 
Genome Research, Cambridge MA) allows the user to input a "mispriming library," m which 

25 sequentes to avoid as primer bindmg sites are user-specified. Primer3 is usefiil, in particular, for the 
selection of oligonucleotides for DDucroanays. (The source code for the latter two primer selection 
programs may also be obtained from their respective sources and modified to meet the nser^s specific 
needs.) The PrimeGen program (available to the public fit)m the UK Human Genome Mapping 

- - - ' Ptoject-ResDimse Centte, CwnbriageUK) diwigiis ^nmerslSascd on multi^^^ sequence'alignments, 

30 diereby aUowing selection of primers that hybridize to either the most conserved or least conserved 
regions of aUgned nucleic acid sequences. Hence, this program is usefiil for identification of both 
unique and conserved oligonucleotides and polynucleotide fiiagments. The oligonucleotides and 
polynucleotide fragments identified by any of the above selection methods are usefiil in hybridization 
technologies, for example, as PGR or sequencing primers, microarray elements, or specific probes to 

35 identify fiiUy or partiaUy complementary polynucleotides in a sample of nucleic acids. Methods of 
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oligonucleotide selection are not limited to those described above. 

A '"lecombinant nucleic acid" is a nucleic acid that is not naturally occurring or has a 
sequence that is made by an artificial combination of two or more otherwise separated segments of 
sequence. This artificial combination is often acconq>lished by chemical synthesis or, more 
5 commonly, by the artificial manipulation of isolated segments of nucleic acids, e.g., by genetic 
engineering techniques such as those describe^ in Sambrook and RusseU (supra). The term 
reconibinant includes nucleic acids that have been al^ted solely by addition, substitution, or deletion 
of a portion of the nucleic acid. Frequentiy, a recombinant nucleic acid may include a nucleic acid 
sequence operably linked to a promoter sequence. Such a recombinant nucleic acid may be part of a 
10 vector that is used, for exaixq[>le, to transform a cell. 

Alternatively, such recomlrinant nucleic acids may be part of a viral vector, e.g., based on a 
vaccinia virus, that could be use to vaccinate a mammal wherein the recombinant nucleic acid is 
expressed, inducing a protective immunological response in the mammal. 

A **regulatory element'* refers to a nucleic acid sequence usually derived from untranslated 
IS regions of a gene and includes enhancers, promoters, introns, and S* and 3' untranslated regions 
(UTRs). Regulatory elements interact with host or viral proteins which control transcription, 
translation, or RNA stability. 

^'Reporter molecules" are chemical or biochemical moieties used for labeling a nucleic acid, 
amino acid, or antibody. Reporter molecules include radionuclides; enzymes; fluorescent, 
20 chemiluminescent, or chromogenic agents; substrates; cofactors; inhibitors; magnetic particles; and 
other moieties known in the art 

An •*RNA equivalent," in reference to a DNA molecule, is con^osed of the same linear 
sequence of nucleotides as the reference DNA molecule with the exception that all occurrences of the 
nitrogenous base thymine are replaced with uracil, and the sugar backbone is composed of ribose 
25 instead of deoxyribose. 

The term **sample'* is used in its broadest sense. A sanq>le suspected of containing KPP, 
nucleic acids encoding KFP, or fragments thereof may conqirise a bodily fluid; an extract from a cell, 
chromosome, organelle, or membrane isolated from a cell; a ceU; genomic DNA, RNA, or cDNA, in 
solution or bound to a substrate; a tissue; a tissue printj etc. 
30 The terms ''specific bmding" and "specifically bmdmg*' refer to that interaction between a 

protein or peptide and an agonist, an antibody, an antagonist, a small noolecule, or any natural or 
synthetic binding conoposition. The interaction is dependent upon the presence of a particular 
structure of the protein, e.g., the antigenic determinant or epitope, recognized by the binding 
molecule. For example, if an antibody is specific for epitope "A," the presence of a polypeptide 
35 comprising the epitope A, or die presence of free unlabeled A, in a reaction containing free labeled A 
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and the antibody will reduce the amount of labeled A that binds to the antibody. 

The tarn "substantially purified" refers to nucleic acid or amino acid sequences that are 
removed from their natural envhonmait and are isolated or separated, and are at least about 60% free, 
preferably at least about 75% free, and most preferably at least about 90% free from other 
5 conq>onents with which they are naturally associated. 

A "substitution" refers to the replacement of one or more amino acid residues <w nucleotides 
by different amino acid residues or nucleotides, respectively. 

"Substrate" refers to any suitable rigid or semi-rigid support mcluding menihtanes. filters, 
chips, sUdes, wafers, fibers, magnetic or nonmagnetic beads, gels, tiibing, plates, polymers, 
10 microparticles and capillaries. The substrate can have a variety of surface foims, such as weUs, 
ti«nches, pms, channels and pores, to which polynucleotides or polypeptides are bound. 

A "transcript image" or "expression profile" refers to die coUective pattern of gene 
expression by a particular cell type or tissue under given conditions at a given time. 

"Trtnsformation" describes a process by which exogenous DNA is introduced into a recipient 
15 ceU, Transformation may occur under natural or artificial conditions according to various metiiods 
well known in tiie art, and may rely on any known mefliod for tiie insertion of foreign nucleic acid 
sequences mto a prokaryotic or eukaiyotic host cell. The metijod for transformation is selected based 
on the type of host ceU being transformed and may include, but is not limited to, bacteriophage or 
viral faifection, electroporation. heat shock, lipofection, and particle bombanlmenL The term 
20 Ixansfonned cells" mcludes stably transformed ceUs m which the inserted DNA is capable of 

repUcation either as an autonomously n^licating plasmid or as part of the host chromosome, as well 
as transiently transformed cells which ej^ress tiie mserted DNA or RNA for limited periods of time. 

A "transgenic CHganism," as used hecran, is any organism, inchiding but not limited to 
animals and plants, m which one or more of the cells of the organism contains heterologous nucleic 
25 acid introduced by way of human intervention, such as by transgenic techniques weU known in die 
art The nucleic acid is mtroduced into die cell, direcdy or hidirecdy by introduction into a precursor 
of die cell, by way of deliberate genetic manipuhtion, such as by miciouijection or by mfection widi 
a recombmant vims. lii anodier embodiment, die nucleic acid can be mtroduced by infection widi a 
-= -njcombnwnt-vira-vectdrVsuich as kferitiHdrai vcicior Obo^ et J. (2002) isrie^ 295:868-»72). The 
30 term genetic manipukidon does not include classical cross-breedmg, or in vitro fisrtilization. but 
radier is directed to die introduction of a recombinant DNA molecule. The transgenic oieanisms 
contemplated m accordance widi die present mvention include bacteria, cyanobacteria. fungi, plants 
and anunals. The isolated DNA of die present invention can be mtroduced mto die host by mediods 
known in die art, for example mfection. transfection. transformation or transconjugation. Techniques 
for transfening die DNA of die presoit invention into such organisms are widely known and 
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provided in refiaences such as Sambrook and Russell (Ai9>ra}. 

A "variant" of a particular nucleic acid sequence is defined as a nucleic add sequence having 
at least 40% sequence identity to the particular nucleic acid sequence over a certam length of one of 
the nucleic acid sequences using blastn with the "BLAST 2 Sequences** tool Version 2.0.9 (May-OT- 
5 1999) set at de&ult parameters. Such a pair of nucleic acids may show, for example, at least 50%. at 
least 60%, at least 70%, at least 80%, at least 85%. at least 90%, at least 91%. at least 92%. at least 
93%, at least 94%, at least 95%, at least 96%, at least 97%. at least 98%, or at least 99%. or greater 
sequence identity over a certain defined length. A variant may be described as, for example, an 
"allelic" (as defined above), "splice," "species," or "polymorphic" variant. A splice variant may have 

10 significant identity to a reference molecule, but will genoally have a greater or lesser number of 
polynucleotides due to alternate splicing during mRNA processmg. The corresponduig polypeptide 
may possess additional functional domams or lack domams that are present in the reference molecule. 
Species variants are polynucleotides that vary ftom one species to another. The resultmg 
polypeptides will generally have significant amino acid identity relative to each other. A 

15 polymorphic variant is a variation in the polynucleotide sequence of a particular gene between 
individuals of a given species. Polymorphic variants also may encompass "single nucleotide 
polymorphisms" (SNPs) in which the polynucleotide sequence varies by one nucleotide base. The 
presence of SNPs may be indicative of, for example, a certain population, a disease state, or a 
propensity for a disease state. 

20 A 'Varianf of a particular polypeptide sequence is defined as a polypeptide sequence haAdng 

at least 40% sequence identity or sequence similarity to the particular polypeptide sequence over a 
certain length of one of the polypeptide sequences using blastp with the "BLAST 2 Sequences" tool 
Version 2.0.9 (May-07-1999) set at default parameters. Such a pair of polypeptides may show, for 
example, at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 

55 91%, at least 92%. at least 93%. at least 94%. at least 95%, at least 96%, at least 97%. at least 98%, 
or at least 99% or greater sequence identity or sequence smularity over a certam defined length of one 
of the pcdyp^tides. 

THE INVENTION ' " ■ " ~' " ■ " - " 

10 Various eirdjodimraits of the mvention mclude new human kinases and phosphatases (KPP), 

the polynucleotides encoduig KPP, and the use of these compositions for the diagnosis, treatment, or 
prevention of cardiovascular diseases, immune system disorders, neurological disorders, disorders 
affecting growtti and development, lipid disorders, cell proUferative disorders, and cancers. 

Table 1 summarizes the nomenclature for the fall length polynucleotide and polypeptide 
5 embodiments of tfie mvention. Each polynucleotide and its conesponding polypeptide are correlated 
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to a single Incyte project identification number (Incyte Project ID). Each polypeptide sequence is 
denoted by both a polypeptide sequence identification number (Polypeptide SEQ ID NO:) and an 
lacyte polypeptide sequence nuniber (Incyte Polypeptide ID) as shown. Each polynucleotide 
sequence is denoted by both a polynucleotide sequence identification number OPolynucleotide SEQ 
5 ID NO:) and an Incyte polynucleotide consensus sequence number (fiicyte Polynucleotide ID) as 
shown. 

Table 2 shows sequences with hotnology to polypeptide embodiments of die invention as 
identified by BLAST analysis against the CSenBank protein (genpept) database and the PROTEOMB 
database. Columns 1 and 2 show the polypeptide sequence identification number (Polypeptide SEQ 

10 ID NO:) and the conresponding Incyte polypeptide sequence nmnber (fiicyte Polypeptide ID) for 
polypeptides of tiie mvention. Column 3 shows ttie GenBank identification number (CS^Bank ID 
NO:) of die nearest GenBank homolog and tfie PROTEOMB database identification numbeis 
(PROTEOME ID NO:) of ttie nearest PROTEOMB database homologs. Column 4 shows the 
probability scores for tfie matches between each polypeptide and its homologCs), Column 5 shows the 

15 annotation of the GenBank and PROTEOME database homolog(s) along with relevant citations 
where applicable, all of which are expressly incorporated by reference herein. 

Table 3 shows various structural features of the polypeptides of the invention. Columns 1 
and 2 show the polypeptide sequence identification number (SEQ ID NO:) and die corresponding 
Incyte polypeptide sequence number (Incyte Polypeptide ID) for each polypeptide of the invention. 

20 Column 3 shows the number of ammo acid residues in each polypeptide. Column 4 shows amino 
acid residues comprising signature sequences, domains, motifs, potential phosphorylation sites, and 
potential glycosylation sites. Column 5 shows analytical metiiods for protein structure/function 
analysis and in some cases, searchable databases to which the analytical methods were applied. 

Togeflier, Tables 2 and 3 summarize the properties of polypeptides of the invention, and tiiese 

25 properties establish that die clauned polypeptides are kmases and phosphatases. For example, SEQ 
ID NO: 1 is 97% identical, from residue Ml to residue G76, to human SKRPl (GenBank ID 
gl814S911) as detennined by the Basic Ix>calAUgnment Search Tool (BIAS (See Table 2.) The 
BLAST probability score is 5.7e-35. which indicates flie probability of obtaining tiie observed 
' " pbljnpepfide Se^ueficeliig^unen^ chmce. "SEQ lb NOrFaiso has hoirology to proteins ttiat 

30 dephosphorylate phospho^osine and phosphoserine. inactivate MAPK, and are protems containing 
two dual specificity phosphatase catalytic domams, as determined by BLAST analysis using the 
PROTEOME database. Data from BLIMPS analyses provide furtiier coxroborative evidence tiiat 
SEQIDNO:! is a dual specificity phosphatase. The algorithms and parameters for the analysis of 
SEQ ID NO:l are described in Table S. 

35 As shown in Table 4, fidl length polynucleotide embodiments were assembled using cDNA 

36 



PF-1710P 

sequences or cocUng (axon) sequences derived from genomic DNA» or any combination of these two 
types of sequences. Column 1 lists the polynucleotide sequence idratification number 
(Polynucleotide SEQ ID NO.), the conrespon^ng Ihcyte polynucleotide consensus sequence numb^ 
(Ihcyte ID) for each polynucleotide of the invention, and the length of each polynucleotide sequence 
5 in basepaks. Column 2 lists fragments of the polynucleoddes which are useful, for example, in 
hybridization or anq>lification technolo^es that identify SEQ ID NO:2 or that distinguish between 
SEQ ID NO:2 and telated polynucleotides. Column 3 shows identification numbers canesponding to 
cDNA sequences, coding sequences (exons) predicted from genomic DNA, and/or sequence 
assemblages coi^prised of both cDNA and genomic DNA. lliese sequences were used to assemble 
10 the full length polynucleotide embodiments. Columns 4 and S of Table 4 show the nucleotide start 
(50 and stop (3') positions of the cDNA and/or genomic sequences in column 3 relative to Uieir 
respective fiill length sequences. 

The identification numbers in Column 3 of Table 4 may refer specifically, for example, to 
hicyte cDNAs along witii their corresponding cDNA libraries. Incyte cDNAs for which cDNA 
15 libraries are not indicated were derived from pooled cDNA libraries (e.g., 90124401 Jl). 

Alternatively, the identification numbers in column 3 may refer to GenBank cDNAs or ESTs which 
contributed to tfie assembly of tiie full lengtti polynucleotides. Jn addition, tiie identification numbers 
in column 3 may identify sequences derived fiomtiie BNSEMBL (The Sanger Centre, Cambridge. 
UK) database (i.e, those sequences including the designation *ENST"). Alternatively, the 
20 identification numbers in column 3 may be derived from the NCBI RefSeq Nucleotide Sequence 
Records Database (Le., those sequences including the designation •'NM'* or **NT") or the NCBI 
RefSeq Protein Sequence Records (lc., those sequences including the designation **NP"X 
Alternatively, the identification numbers in column 3 may refer to assemblages of both cDNA and 
Oenscan-predicted exons brought together by an "exon stitching" algorithm. For example, 
25 VLjaOO(XKJ4iJNl2jnnnnrj^3J^4 represents a "stitched" sequence in which XXXXXX is the 

identification number of the cluster of sequences to which the algorithm was applied, and ITITy is 
the number of the prediction generated by the algoritiim, and 2 j^., if present, represent specific 
exons diat may have been manually edited during analysis (See Example V). Alternatively, tiie 
udenfiiicatibii ilurfibb]^^^^^ hrou^t toother hy an "exon- 

stretching^* algoritibm. Forexaniple,ELXmaa_g^4i4M 

number of a "stretched" sequence, witfi XXXXXX bemg die Incyte project identification number, 
gAAAAA bemg die GenBank identification number of the human genomic sequence to which die 
"exon-stretchmg" algorithm was applied, gJBBBBB bemg tfie GenBank identification number or NCBI 
RefSeq identification number of the nearest GenBank protein homolog, and N referring to specific 
exons (See Example V). In instances where a RefSeq sequence was used as a protein homolog for the 
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"exon-stretching" algorithm, a RefSeq identifier (denoted by **NM;' •^NP." or nmy be used m 
place of the GenBank identifier (Le. , gfiBBBB). 

Alternatively, a prefix identifies conq)onent sequences that were hand-edited, predicted from 
genomic DNA sequences, or derived ftom a combination of sequence analysis methods. The 
5 following Table lists examples of conq)onent sequence prefixes and corresponding sequence analysis 
methods associated with the prefixes (see Exanq>Ie IV and Example V). 



Prefix 


Type of analysis and/or examples of programs 


GNN. CTG, 
ENST 


Exon prediction from genomic sequences using, for exanq>le, 
GENSCAN (Stanford University, CA, USA) or FGENES 
(Qnqputer Genomics Group, The Sanger Centre, Cambridge, UK). 


OBI 


Hand-edited analysis of genomic sequences. 


FL 


Stitched or stretched genomic sequences (see Exanq>Ie V). 


INCY 


Full length transcript and exon predicticHi from mapping of EST 
sequences to the genome. Genomic location and EST composition 
data are combined to predict the exons and residting transcript 



Lti some cases, Incyte cDNA coverage redundant with the sequence coverage shown in Table 

15 4 was obtained to confirm the final consensus polynucleotide sequence, but the relevant Incyte cDNA 
identification numbers are not shown. 

The invention also encompasses KPP variants. Various embodiments of KPP variants can 
have at least about 80%, at least about 90%, or at least about 95% amino acid sequmce identity to the 
KPP amino acid sequence, and can contain at least one fimctional or structural characteristic of KPP, 

20 Various embodimente also encompass polynucleotides which encode KPP. In a particular 

embodiment, the invention encompasses a polynucleotide sequence comprising SEQ ID NO:2, which 
encodes KPP, The polynucleotide sequence of SEQ ID NO:2, as presented in the Sequence Listing, 
embraces the equivalent RNA sequences, wherein occurrences of the nitrogenous base thymine are 
replaced with uracil, and the sugar backbone is composed of ribose instead of deoxyribose. 

35 .^.'^^P^P^ss^s^y EQlynucleotide encoding KPP._ In particular, 

such a variant polynucleotide will have at least about 70%, or alternatively at least about 85%, or 
even at least about 95% polynucleotide sequence identity to a polynucleotide encoding KPP. A 
particular aspect of the invention encompasses a variant of a polynucleotide comprising the sequence 
of SEQ ID NO:2 which has at least about 70%, or alternatively at least about 85%, or even at least 

30 about 95% polynucleotide sequence identity to the nucleic acid sequence of SEQ ID N0:2. Any one 
of the polynucleotide variants described above can encode a polypeptide which contains at least one 
functional or structural characteristic of KPP. 
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In addition, or in the alternative, a polynucleotide variant of the invoiticai is a splice variant 
of a polynucleotide encoding KPP. A splice variant may have portions which have significant 
sequence identity to a polynucleotide encoding KPP, but will generally have a greats or lesser 
number of nucleotides due to additions or deletions of blocks of sequence arising from alternate 
splicing during mRNA processing. A splice variant may have less ttian about 70%. or altemativdy 
less flian about 60%, or alternatively less than about 50% polynucleotide sequence identity to a 
polynucleotide encoding KPP over its entire lengtii; however, portions of tiie spUce variant wiU have 
at least about 70%, or alternatively at least about 85%, or alternatively at least about 95%, or 
alternatively 100% polynucleotide sequence identity to portions of the polynucleotide encoding KPP. 
Any one of the spUce variants described above can encode a polypeptide which contains at least one 
functional or structural characteristic of KPP. 

b will be appreciated by tiiose sldlled in the art tiiat as a result of the degeneracy of tiie 
genetic code, a multitude of polynucleotide sequences encoding KPP, some bearing mmimal 
sunilarity to tiie polynucleotide sequences of any known and naturally occurring gene, may be 
produced. Thus, tiie mvention contein>lates each and every possible variation of polynucleotide 
sequoice tiiat could be made by selecting combinations based on possible codon choices. These 
comlnnations are made m accordance wifli tiie standard diplet genetic code as appUed to tiie 
polynucleotide sequence of naturaUy occurring KPP, and all such variations are to be considered as 
being specifically disclosed. 

20 Altiiough polynucleotides which encode KPP and its variants axe generidly capable of 

Iqrbridisiqg to polynucleotides ^coding natinaUy occurring KPP under appropriately selected 
conditions of stringency, it may be advantageous to produce polynucleotides encodme KPP os its 
derivatives possessmg a substantiaUy different codon usagp. e.g., inclusion of non-naturally occurring 
codons. Codons may be selected to mcrease die rate at which e3q>XBssion of tiie peptide occurs in a 
particular prokaryotic or eukaryotic host m accordance witii tiie firequency wifli which paxticukir 
codons are utilized by the host. Oflier reasons for substantiaUy altering tite nucleotide sequence 
encodmg KPP and its derivatives witiiout altering die encoded amino acid sequences mclude tfie 
Induction of RNA tianscripts having more desirable properties, such as a gieatea- half-life, tiian 
transcripts-produced fix>m the naturaUy occurriirg'Se^uence.'^ " " — " " ~ 

The invention also eacon^asses production of polynucleotides which encode KPP and KPP 
derivatives, or fragments tiiereof, entu»ly by syntiietic chemistry. After production, die syndietic 
polynucleotide may be inserted into any of die many avaUable expression vectors and cell systems 
usmg reagents weU known in tfie art. Moreover, synthetic chemistry may be used to introduce 
mutations into a polynucleotide encoding KPP or any fragm^t tiiereof. 

Embodiments of the invention can also mclude polynucleotides tiiat are capable of 
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hybridizing to the claimed polynucleotides, and, in particular, to those having the sequences shown in 
SEQ ID NO:2 and fragments thereof, under various conditions of string^cy (Wahl, GJM. and SX. 
Berger (1987) Methods Enzymol. 152:399^; Kimmel. A.R. (1987) Methods Enzymol. 152:507- 
511). Hybridization conditions, including annealing ami wash conditions, are described in 
5 •'Definitions.'* 

Methods for DNA sequencing are well known in die art and may be used to practice any of 
the embodiments of the invention. The methods may employ such enzymes as the Klenow fiagment 
of DNA polymerase I, SEQUENASE (US Biochemical, Qeveland OH). Taq polymerase (Applied 
Biosystems), thermostable T7 polymerase (Amersham Biosciences. Kscataway NJ), or combinations 
10 of polymerases and proofreading exonucleases such as those found in the ELONGASE ampKfication 
system (Ihvitrogen, Carlsbad CA). Preferably, sequence preparation is automated with machines such 
as the MICROLAB 2200 liquid transfer system (Hamilton. Reno NV). PTC200 thermal cycler (MJ 
Research. Watertown MA) and ABI CATALYST 800 thermal cycler (AppKed Biosystems). 
Sequencmg is dien carried out using either the ABI 373 or 377 DNA sequencing system (Applied 

15 Biosystems). the MEGABACE 1000 DNA sequencing system (Amersham Biosciences), or other 
systems known in the art The resulting sequences are analyzed using a variety of algorithms which 
are weU known m the art (Ansubel et al., supra, ch. 7; Meyers. R.A. (1995) Molecular Binlftp vanri 
Biot^lHiQloRY, Wiley VCH. New York NY, pp. 856-853). 

The nucleic acids encoduig KPP may be extended utilizing a partial nucleotide sequence and 

20 employing various PCR-based mediods known m the ait to detect upstream sequences, such as 
promoters and regulatory elanents. For example, one method which may be employed, 
restriction-sile PCR. uses universal and nested primers to amplify unknown sequence from genomic 
DNA within a clonmg vector (Saricar, G. (1993) PGR Methods Applic. 2:318-322). Another method, 
inverse PCK, uses primers diat extend in divergent directions to amplify unknown sequence fitom a 

25 circularized template. The template is derived firom restriction fiagments comprising a known 

genomic locus and surrounding sequences (TrigUa. T. et aL (1988) Nucleic Acids Res. 16:8186). A 
third method. cq>tuie PGR. involves PGR anqilification of DNA fragments adjacent to known 
sequmces in human and yeast artificial chromosome DNA (Lagerstrom, M. et al. (1991) PGR 

— . Methods-Applicia-l 1-119). In-thisTnethod,-multi0e-rtSrtriction ehzy^^ digesBoSs and ligati^ 

30 may be used to insert an engineered double-stranded sequence into a region of unknown sequence 
before performing PGR. Other methods which may be used to retrieve unknown sequences are 
known in the art (Parker, J.D. et al. (1991) Nucleic Acids Res. 19:3055-3060). AdditionaUy. one may 
use PCR, nested primers, and PROMOTERFINDER libraries (BD Glontech, Palo Alto GA) to walk 
genomic DNA. This procedure avoids the need to screen Ubiaries and is useful in finding intion/exon ' 

35 junctions. For aU PGR-based methods, primers may be designed using commercially available 
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software, such as OLIGO 4.06 primer analysis software (National Biosciences, Plymouth MN) or 
another appropriate program, to be about 22 to 30 nucleotides in length, to have a GC content of 
about 50% or more, and to anneal to the tsmplaie at tenqieratuies of about 68®C to 

When screening for fiiU length cDNAs, it is preferable to use libraries that have been 
5 size-selected to include larger cDNAs. hi addition, random-primed Ubraries. which often include 
sequences containing the 5' regions of genes, are preferable for situations in which an oligo d(T) 
Ubrary does not yield a fuU-length cDNA. Genomic Ubraries may be useful for extension of sequence 
into 5' non-transcribed regulatory regions. 

Capillary electrophoresis systems which are commercially available may be used to analyze 

10 the size or confirm the nucleotide sequence of sequencing or PCR products. In particular, capillary 
sequencing may employ flowable polymers for electrophoietic separation, four different nucleotide- 
specific, laser-stimulated fluorescent dyes, and a charge coupled device camera for detection of the 
emitted wavelengths. Output/light intensity may be converted to electrical signal usmg appropriate 
software (e.g.. GENOTYPER and SEQUENCE NAVIGATOR. AppUed Biosystems), and the entire 

15 process from loading of samples to computer analysis and electronic data display may be computer 
controUed. Capillary electrophoresis is especiaUy preferable for sequencing small DNA ficagments 
which may be present in limited amounts in a particular sample. 

Li another embodiment of the invention, polynucleotides or fragments thereof which encode 
KPP may be cloned in recombinant DNA molecules that direct expression of KPP, or fragments or 

20 functional equivalents thereof, in appropriate host cells. Due to the inherent degeneracy of the 

g^etic code, other polynucleotides which encode substantially the same or a fiinctionally equivalent 
polypeptides may be produced and used to express KPP. 

The polynucleotides of the mvention can be engmcered using methods generally known in 
the art in order to alter KPP-encoding sequences for a variety of purposes including, but not Umited 

25 to. modification of the clonmg, processmg, and/or expression of the gene product DNA shufOmg by 
random fiagmentation and PGR reassembly of gene fragments and synthetic oligonucleotides may be 
used to engineer the nucleotide sequences. For exanople, oligonucleotide-mediated site-directed 
mutagenesis may be used to mtroduce mutations that create new restriction sites, alter glycosylation 
pattenis; changecodon pi^ferenceTproduce 

30 The nucleotides of the present mvention may be subjected to DNA shuffling techniques such 

as MOLECULARBREEDING (Maxygen Inc., Santa Qara CA; described in U.S. Patent No. 
5.837,458; Chang, C-C. et al. (1999) Nat Biotechnol. 17:793-797; Christians, F.C. et al. (1999) Nat 
Biotechnol. 17:259-264; and Crameri. A. et al. (1996) Nat. Biotechnol. 14:315-319) to alter or 
improve the biological properties of KPP. such as its biological or enzymatic activity or its ability to 

35 bind to other molecules or compounds. DNA shufiQmg is a process by which a library of gene 
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variants is produced uangPCR-mediatedrecombinationofgenefta^ The library is then 
subjected to selection or screening procedures that identify those gene variants with the desired 
properties. These preferred variants may then be pooled and further sulgected to recursive rounds of 
DNA shuffling and selection/screening. Thus, genetic diversity is created through "artificial'? 
5 breeding and rapid molecular evolution. For example, fiagments of a angle gene containing random 
point mutations may be recombmed. screened, and then reshuffled untU the desired properties are 
optimized. Altematively.ftagmentsofagiven gene may berecombinedwitfiftagmentsof 
homologous genes in the same gene fanuly, either from the same or different species, thereby 
maximizing the genetic diversity of multiple natuiaUy occurring genes in a directed and contioUable 
10 manner. 

In another embodiment, polynucleotides encoding KPP may be synthesized, in whole or in 
part, using one or more chemical methods weU known in the art (Carutheis. MJI et al. (1980) 
Nucleic Adds Symp. Ser. 7:215-223; Horn, T. et al. (1980) Nucleic Acids Synq>. Ser. 7:225-232). 
Alternatively. KPP itself or a fragment thereof may be synthesized using chemical methods known in 

15 the art. For example, peptide synthesis can be performed using various solution-phase or solid-phase 
techniques (Creighton. T. (1984) Proteins. Structure, anri Mnl.^,.i.. iv^p^.. WH Freeman. New 
York NY, pp. 55-60; Roberge. J.Y. et al. (1995) Science 269:202-204). Automated synthesis may be 
achieved using the ABI 431A peptide synthesizer (Applied Biosystems). Additionally, the amino 
acid sequence of KPP. or any part thereof, may be altered during direct synthesis and/or combined 

20 with sequences from other proteins, or any part thereof, to produce a variant polypeptide or a 
polypeptide having a sequraice of a naturally occurring polypeptide. 

The peptkle may be substantially purified by preparative high performance liquid 
chromatography (Chiez. RM. and F.Z. Regnier (1990) Methods Enzymol. 182:392-421). The 
composition of the synthetic peptides may be confirmed by amino acid analysis or by sequencing 

25 (Creightcm, siqtra, pp. 28-53). 

In onier to express a Uologicany active KPP. the polynucleotides encodmg KPP or 
derivatives thereof may be inserted into an i^piopriate expression vector. i.e., a vector which contams 
the necessary elements for transcriptional and translational control of the inserted coding sequence in 
-- - a-suitable^host.-^These elements include iiegi^^ 

30 inducible pK)moters. and 5' and 3' untranslated regions in the vector and in polynucleotides encoding 
KPP. Such elemrats may vary in their strength and specificity. Specific initiation signals may also 
be used to achieve more efiBcient translation of polynucleotides encoding KPP. Such signals include 
the ATG initiation codon and adjacent sequences, e.g. ti« Kozak sequence, b cases where a 
polynucleotide sequence encoding KPP and its initiation codon and upstream regulatory sequences 

35 are inserted into tiie appropriate expression vector, no additional transcriptional or translational 
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control signals may be needed. However, in cases where only coding sequence, or a fragment 
thereof, is inserted, exogenous translational control signals including an in-fiame ATG initiation 
codon should be provided by the vector. Exogenous translational elements and initiatton codons may 
be of various origins, both natural and synthetic. The efRciency of expression may be enhanced by 
the inclusion of enhancers appropriate for the particular host cell ^stem used (Schaif. D. et al. (1994) 
Results Probl. Cell Differ. 20:125-162). 

Metfiods which are weU known to those skilled m die art may be used to construct expression 
vectors containing polynucleotides encoding KPP and appropriate transcriptional and translational 
control elements. These methods include in vitro recombinant DNA techniques, synthetic techniques, 
and in vivo genetic recombination (Sambrook and Russell, supra, ch. 1^, and 8; Ausubel et al.. 
supra, ch. 1, 3, and 15). 

A variety of expression vector/host systems may be utUized to contain and express ' 
polynucleotides encoding KPP. These include, but are not limited to, microorganisms such as 
bacteria transformed with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors; 
yeast tiansfoimed with yeast expression vectors; insect cell systems infected with viral expression 
vectors (e.g., baculovirus); plant ceU systems transformed with viral expression vectors (e.g., 
cauliflower mosaic vims, CaMV, or tobacco mosaic virus, TMV) or with bacterial expression vectors 
(e.g.. Ti or pBR322 plasmids); or anunal cell systems (Sambrook and Russell, supra; Ausubel et al., 
supra; Van Heeke. G. and S.M. Schuster (1989) J. Biol. Chem. 264:5503-5509; Engelhard, E.K. et al. 
(1994) Ptoc. Natl. Acad. Sd. USA 91:3224-3227; Sandig, V. et al. (1996) Hum. Gene Ther. 7:1937- 
1945; Takamatsu. N. (1987) EMBO J. 6:307-311; The McGraw Hi ll Yearbook of .Sni>.T.r^. h«h 
Tej^aalaat (1992) McOraw HiU, New York NY. pp. 191-196; Logan, J. and T. Shenk (1984) Proc. 
NatL Acad. ScL USA 81:3655-3659; Harrington, JJ. et al. (1997) Nat Genet 15:345-355). 
Expression vectors derived fiom retroviruses, adenoviruses, or herpes or vaccinia viruses, or from 
various bacterial plasmids. may be used for delivery of polynucleotides to die targeted organ, tissue, 
or ceU population (Di Nicola, M. et al. (1998) Cancer Gen. Ther. 5:350-356; Yu. M. et al. (1993) 
Proc Natl. Acad. Sci. USA 90:6340-6344; BuUer. R.M. et al. (1985) Nature 317:813-815; McGregor, 
D.P. et al. (1994) Mol. Immunol. 31:219-226; Venna. IM. andN. Somia (1997) Nature 389:239- 
242):-The invtfntionisnbtlififfitedTjy^^^ ' ~ " • ~ 

la bacterial systems, a number of clomng and expression vectors may be selected depending 
upon the use mtended for polynucleotides encodmg KPP. Ftor example, routine clomng, subcloning. 
and propagation of polynucleotides encodii(g KPP can be achieved using a multifimctional K coli 
vector such as PBLUESGRffT (Stratagene, La JoUa CA) or PSPORTl plasmid (Ihvitix^gen). 
Ligation of polynucleotides encoding KPP into die vector's multiple cloning site disrupts die laeZ 
35 gene, allowmg a colorimetric screening procedure for identification of transformed bacteria 
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containing recombinant molecules. In addition, these vectors may be usefiil for in vitn transcription, 
dideoxy sequencing, single strand lescue witii helper phage, and creation of nested deletions in die 
cloned sequence (Van Heeke. G. and SM. Schuster (1989) J. Biol. Chem. 264:5503-5509). When 
large quantities of KPP are needed. e.g. for the production of antibodies, vectors which direct high 
5 level expression of KPP may be used. For example, vectors containing the strong, mducible SP6 or 
T7 bacteriophage promoter may be used. 

Yeast expression systems may be used for production of KPP. A number of vectors 
containing constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH 
promoters, may be used m the yeast Saccharomyces cerevisiae or PUMa pastoris. hx addition, such 
10 vectors direct either die secretion or intracellular retention of expressed proteins and enable 

integration of foreign polynucleotide sequences into the host genome for stable propagation (Ausubel 
et al.. supra; Bitter. G.A. et al. (1987) Metiiods Enzymol. 153:516-544; Scorer. C.A. et al. (1994) 
Bio/Technology 12:181-184). 

Plant systems may also be used for expression of KPP. Transcription of polynucleotides 
15 encodingKPPmaybedrivenby viralpromoters.e.g..tiie35Sand 19S promoters of CaMV used 

alone or in combination with the omega leader sequence from TMV (Takamatsu, N. (1987) EMBO J. 
6:307-311). Alternatively, plant promoters such as tfie smaU subunit of RUBISCO or heat shock 
promoters nay be used (Coruzzi. G. et al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al. (1984) 
Science 224:838-843; Wmter, J. et al. (1991) Results Ptobl. CeU Differ. 17:85-105). These 
20 constructs can be introduced mto plant cells by direct DNA transformation or patfiogen-mediated 
(Thg Mcqqiw Hill Yearbook of Science and Technnlopv (1992) McGraw HiU. New 
York NY, pp. 191-196). 

In mammalian cells, a number of viral-based expression systems may be utiUzed. In cases 
where an adenovirus is used as an expression vector, polynucleotides encoding KPP may be ligated 
25 into an adenovinistranscription/tramlation complex consisting of tiie late promoter and 

leader sequence. Insertion in a non-essential Bl or E3 region of Uie viral genome may be used to 
obtam infective virus which expresses KPP m host cells (Logan. J. and T. Shenk (1984) Ptoc. Nati. 
Acad. Sci. USA 81:3655-3659). In addition, transcription enhancers, such as the Rous sarcoma virus 
-(RSV^ enhancer. may^»ijsed toincreaseexpressioii in msua^ SV40OTEBV^ia8ed 
30 vectors may also be used for high-level protem expression. 

Human artificial chromosomes (HACs) may also be employed to deliver larger fiagments of 
DNA dian can be contamed in and expressed from a plasmid. HACs of about 6 kb to 10 Mb are 
constructed and delivered via conventional delivery metiiods (liposomes, polycationic amino 
polymers, or vesicles) for tiierapeutic purposes (Harrington. J.J. et al. (1997) Nat. Genet. 15:345-355). 
For long term production of recombinant proteuis in mammalian systems, stable expression 
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of KPP in cell lines is piefened. For example, polynucleotides encoding KH* can be transformed 
into cell lines using expression vectors which may contain viral origins of leplication and/or 
endogenous expression elements and a selectable maricer gene on the same or on a separate vector. 
Following the introduction of the vector, cells may be allowed to grow for about 1 to 2 days in 
5 enriched media before being switched to selective media. The purpose of the selectable marker is to 
confer resistance to a selective agent, and its presence allows growth and recovery of cells which 
successfully express the introduced sequences. Resistant clones of stably transformed cells may be 
propagated using tissue culture techniques appropriate to the cell type. 

Any number of selection systems may be used to recover transformed cell lines. These 

10 include, but are not limited to. the herpes simplex virus fliymidine kinase and ademne 

phosphoribosyltransferase genes, for use in tk' and apr' cells, respectively (Wigler, M. et al. (1977) 
CeU 11:223-232; Lowy, L et al. (1980) Cell 22:817-823). Also, antimetabolite, antibiotic, or 
herbicide resistance can be used as die basis for selection. For exanq^le, dhfr confers resistance to 
methotrexate; neo confers resistance to tiie aminoglycosides neomycin and G-418; and als and pat 

15 confer resistance to chlorsulfuron and phosphinotricin acetyltransferase, respectively (Wigler, M. et 
aL (1980) Proc. Nati. Acad. Sci. USA 77:3567-3570; Colbere-Garapin, R et al. (1981) J. Mol. Biol. 
150:1-14). Additional selectable genes have been described, e.g., trpB and hisD, which alter cellular 
requirements for metabolites (Hartman, S.C. and R.C. Mulligan (1988) Proc. Nati. Acad. Sci. USA 
85:8047-8051). Visible markers, e.g., anthocyanins, green fluorescent proteins (GFP; BD Clontech), 

20 P-glucuronidase and its substrate p-glucuronide. or luciferase and its substrate luciferin may be used. 
These markers can be used not only to identify transformants, but also to quantify tiie amount of 
transient or stable protein expression attributable to a specific vector system (Rhodes, C.A. (1995) 
Methods Mol. Biol. 55:121-131). 

Although the presence/absence of marker gene expression suggests ttmt ttie gene of interest is 

25 also present, flie presence and expression of ttie gene may need to be confirmed. For example, if tiie 
sequence encoding KPP is inserted witfiin a marker gene sequence, transformed cells containing 
polynucleotides encoding KPP can be identified by tiie absence of marker gene function. 
Alternatively, a marker gene can be placed in tandem with a sequence encoding KPP under the 
- -control of asingle promoter. Expessibn of tiiemfikerlgra^ induction or selection 

30 usually indicates expression of the tandem gene as well 

In general, host cells that contain the polynucleotide encodmg KPP and that express KPP may 
be identified by a variety of procedures known to tiiose of skill in tiie art. These procedures mclude, 
but are not lunited'to, DNA-DNA or DNA-RNA hybridizations, PGR amplification, and protem 
bioassay or immunoassay techniques which include membrane, solution, or chip based technologies 

35 for die detection and/or quantification of nucleic acid or protein sequences. 
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Inoixumological methods for detecting and measuring the expression of KPP using either 
specific polyclonal or monoclonal antibodies are known in the art Exao^les of such techniques 
include enzyme-linked immunosorbent assays (ELISAs), radioimmunoassays (RIAsX and 
fluorescence activated cell sorting (FACS). A two-site, monoclonal-based immunoassay utilizing 
monoclonal antibodies reactive to two non-interfering epitopes on KPP is piefened, but a competitive 
binding assay may be employed. These and other assays are well known in the art (Hanq)ton, R. et al. 
(1990) Serological Methods, a L aboratory Manual . APS Ptess, St Paul MN, Sect IV; Coligan, JM. et 
al. (1997) Current Prntocnk in TnriT nunoIogrv, Greene Pub. Associates and Wiley-biterscience, New 
York NY; Pound, J.D. (1998) TmTniinfichft ^cal Protocols , Humana Press, Totowa NJ). 

A wide variety of labels and conjugation techniques are known by those skilled in the art and 
may be used in various nucleic acid and amino acid assays. Means for producing labeled 
hybridization or PGR probes for detecting sequences related to polynucleotides encoding KPP include 
oligolabeling, nick translation, end-labeling, or PGR an^lification using a labeled nucleotide. 
Alternatively, polynucleotides encoding KPP, or any fragments thereof, may be cloned into a vector 
for the production of an mRNA probe. Such vectors are known in the art, are commercially available, 
and may be used to synthesize RNA probes in vitro by addition of an appropriate RNA polymerase 
such as T7, T3, or SP6 and labeled nucleotides. These procedures may be conducted using a variety 
of commercially available kits, such as those provided by Amersham Biosciences, Promega (Madison 
WI), and US Biochemical. Suitable reporter molecules or labels which may be used for ease of 
detection mclude radionuclides^ enrymes, fluorescent^ cheinilummescent, or chromogenic agents, as 
well as substrates, cofactors, inhibitors, magnetic particles, and the like. 

Host cells transfonned with polynucleotides encoding KPP may be cultured under conditions 
suitable for the expression and recovery of the protein from cell culture. The protein produced by a 
transformed cell may be secreted or retwied intracellularly depending on the sequence and/or the 
vector used. As will be understood by those of skill in the art, expression vectors containing 
polynucleotides which encode KPP may be designed to contain signal sequences which direct 
secretion of KPP through a prokaryotic or eukaiyotic cell membrane. 

In addition, a host cell strain may be chosen for its ability to modulate expression of the 
"^mse^rted pbljoiuclTO^ iSuch " 

modifications of the polypeptide include, but are not limited to, acetylation, carboxylation, 
glycosylation, phosphorylation, lipidation, and acylation. Post-translational processing which cleaves 
a •^repro" or "pro" form of the protein may also be used to specify protein taigetmg, folding, and/or 
activity. Different host cells which have specific cellular machinery and characteristic mechanisms 
for post-translational activities (e.g.. CHO, HeLa, MDCK. HEK293. and WI38) aie available from the 
American Type Culture Collection ( ATCC. Manassas V A) and may be chosen to ensure the conect 
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modification and processing of the foreign protein. 

In another embodiment of the invention, natural, modified, or recombinant polynucleotides 
encoding KPP may be ligated to a heterologous sequence resulting in translation of a fusion protein in 
any of the aforementioned host systems. For example, a chimeric KPP protem containing a 
heterologous moiety tiiat can be recognized by a commercially available antibody may fiicilitale die 
screening of peptide libraries for inhibitors of KPP activity. Heterologous protein and peptide 
moieties may also facilitate purification of fusion proteins using commeiciaUy available affinity 
matrices. Such moieties include, but are not limited to. glutathione S-transfeiase (GST), maltose 
binding protem (MBP). tfiioredoxin (Trx), calmodulfai binduig peptide (CBP), 6-His, FLAG, c-wryc. 
and hemagglutinin (HA). GST, MBP. Trx, CBP, and 6-His enable purification of tiieir cognate fusion 
protems on immobilized glutatiiione. maltose, phenylarsme oxide, calmodulin, and metal-chelate 
resins, respectively. FLAG, c-myc, and hemagglutinin (HA) enable immunoaffinity purification of 
fusion proteins usmg commercially avaUable monoclonal and polyclonal antibodies tiiat specificaUy 
recognize tiiese epitope tags. A fusion protein may also be engineered to contain a proteolytic 
cleavage site located between the KPP encoding sequence and tiie heterologous protein sequence, so 
tfiat KPP may be cleaved away from die heterologous moiety following purification. Metfiods for 
fusion protein expression and purification are discussed in Ausubel et al. {supra, ch. 10 and 16). A 
variety of commerciaUy available Wts may also be used to facilitate expression and purification of 
fiision proteins. 

In another embodiment, syntiiesis of radiolabeled KPP may be achieved in vitro using tiie 
TNT rabbit reticulocyte lysate or wheat germ extract system (Promega). These systems couple 
transcription and translation of protein-coding sequences operably associated witii tiie T7, T3, or SP6 
promoters, -nanslation takes place in die presence of a radiolabeled amino add precursor, for 
example, ^S^nedilonine. 

25 KPP, fingments of KPP, or variants of KPP may be used to screen for compounds diat 

specificaUy bind to KPP. One or more test compounds may be screened for specific bhiding to KPP. 
In various embodiments. 1. 2. 3. 4. 5. 10. 20. 50. 100. or 200 test compounds can be screened for 
specific bmding to KPP. Examples of test compounds can mclude antibodies, anticalins. 
oKgonucleotidesf protems (e.g.,-HgfeasTwre«p^ " " ' " 

In related embodiments, variants of KPP can be used to screen for bindmg of test compo 
such as antibodies, to KPP, a variant of KPP, or a combhiation of KPP and/or one or more variants 
KPP. In an embodiment, a variant of KPP can be used to screen for compounds diat bind to a variant 
of KPP. but not to KPP having die exact sequence of a sequence of SEQ ID NO:l. KPP variants used 
to perform such screenuig can have a range of about 50% to about 99% sequence identity to KPP. 
widi various embodiments having 60%. 70%. 75%. 80%. 85%. 90%. and 95% sequence identity. 



20 



30 



35 



47 



PF-1710P 

In an embodiment, a compound identified in a screen for specific binding to KPP can be 
closely related to the natural ligand of KFP, e.g., a ligand or firagment thereof, a natuial substrate, a 
stmctural or fimctional mimetic, or a natural binding partner (Coligan, J.E/et al. (1991) Cunent 
Protocols in TmnfiimrilnprY l(2):Cbapter S). In another embodiment, the compound thus identified can 
5 be a natural ligand of a recqjtor KPP (Howard, AJD, et al. (2001) Trends Pharmacol Sci.22:132-140; 
Wise, A. et al. (2002) Drug Discovery Today 7:235-246). 

In other embodiments, a conqjound identified in a screen for specific binding to KPP can be 
closely related to the natural receptor to which KPP binds, at least a firagment of the receptor, or a 
fragment of the receptor including all or a portion of the ligand binding site or binding pocket For 

10 example, the compound may be a receptor for KPP which is capable of propagating a signal, or a 
decoy receptor for KPP which is not capable of propagating a signal (Ashkenazi, A. and V.M. Divit 
(1999) Curr. Opin. Cell BioL 11:255-260; Mantovani, A. et aL (2001) Trends Immunol. 22:328-336). 
Hie compound can be rationally designed using known techniques. Samples of such techniques 
include those used to construct the compound etanercept (ENBREL; Amgaa Inc., Thousand Oaks 

15 CA), which is efficacious for treating rheumatoid arthritis in humans. Etanercept is an engineered 
p75 tumor necrosis factor (TNF) reenter dimer linked to the Fc portion of human IgO j (TaylOT, P.C 
etal. (2001) Curr. Opin. Immunol. 13:611-616). 

In one embodiment, two or more antibodies having similar or, alternatively, different 
specificities can be screened for specific binding to KPP, fragments of KPP, or variants of KPP, The 

20 binding specificity of the antibodies thus screened can tiieieby be selected to identify particular 

fi-agments or variants of KPP. In one embodiment, an antibody can be selected such that its binding 
specificity allows for preferential identification of specific fragments or variants of KPP. In another 
embodiment, an antibody can be selected such that its binding specificity allows for preferential 
diagnosis of a specific disease or condition having increased, decreased, or otherwise abnormal 

25 production of KPP. 

In an embodiment, anticalins can be screened for specific binding to KPP, fragments of KPP, 
or variants of KPP. Anticalins are ligand-binding proteins that have been constructed based on a 
Kpocalin scaffoldi(Weiss^& and H.B. I^wimn (2000)_Chem. Bio^ Skena, A. 

(2001) J. Biotechnol. 74:257-275). The protein architecture of lipocalins can include a beta-barrel 

30 having eight antiparallel beta-strands, which supports four loops at its open end. These loops form 
the natural ligand-binding site of the lipocalins, a site which can be le-engineered in vitro by amino 
acid substitutions to impart novel binding specificities. The amino acid substitutions can be made 
using methods known in the art or described herein, and can include conservative substitutions (e.g., 
substitutions that do not alter binding specificity) or substitutions that modestly, moderately, or 

35 significandy alter binding specificity. 
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In one embodiment, screening for conqiotinds which specifically bind to. stimulate, or inhibit 
KPP involves producing appropriate cells which express KPP» eids^ as a secreted protein or on the 
cell membrane. Preferred cells can include cells from mammals, yeast, DrosophUa^ or E. colu Cells 
expressing KPP or cell menibrane fractions which contain KPP .are then contacted with a test 
5 conq>ound and tmiding, stimulation, or inhibition of activi^ of either ICPP or tiie confound is 
analyzed. 

An assay may simply test binding of a test compound to the polypeptide, whmin binding is 
detected by a fluorophore, radioisotope, enzyme conjugate, or otha: detectable label. For example, 
the assay may comprise the steps of comlnning at least one test compound with KPP, either in 
10 solution or affixed to a solid support, and detecting the binding of KPP to the compound. 

Alternatively, the assay may detect or measure binding of a test compound hi the presence of a 
labeled competitor. Additioiudly, the assay may be carried out using cell«free preparations, chemical 
libraries, or natural product mixtures, and the test compound(s) may be free in solution or aftixed to a 
solid support. 

15 An assay can be used to assess the ability of a conqiound to bind to its natural ligand and/or 

to inhiMt the binding of its natural ligand to its natural receptors. Examples of such assays include 
radio-labeling assays such as those described in U.S. Patent No. S,9 14,236 and U.S. Patent No. 
6,372,724. In a related CTibodiment, one or more amino acid substitutions can be introduced into a 
polypeptide conq)ound (such as a receptor) to improve or alter its ability to bind to its natural ligands 

20 CMatdiews, D.J. and J.A. Wells. (1994) Chem. Biol. 1:25-30). In anotiier related embodiment, one or 
more amino acid substitutions can be introduced into a polypeptide confound (such as a ligand) to 
improve or alter its alnlity to tnnd to its natural receptors (C^mningham, B.C. and J.A. Wells (1991) 
Ptoc. Natl. Acad. Sci. USA 88:3407-3411; Lowman, H.B. et al. (1991) J. Biol. Chem. 266:10982- 
10988). 

25 KPP, fragments of KPP, or variants of KPP may be used to screen for compounds that 

modulate the activity of KPP. Such conq)ounds may include agonists, antagonists, or partial or 
inverse agonists. In one embodiment, an assay is performed under conditions permissive for KPP 
activity, wherein KPP is combined with at least one test compound, and the activity of KPP in the 

^presence of a test c61Si)otuid i^ compared with the activity of KPP in the absence of the test 

30 compound. A change in the activity of KPP in the presence of the test compound is indicative of a 
compound that modulates the activity of KPP. Alternatively, a test compound is combined with an in 
vitro or cell-free system comprising KPP under conditions suitable for KPP activity, and the assay is 
performed. In either of these assays, a test compound which modulates the activity of KPP may do so 
indirectly and need not come in direct contact with the test compound. At least one and up to a 

35 plurality of test compounds may be screened. 
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In another embodiment, polynucleotides encoding KPP or their inammaHan homologs may be 
"knocked out" in an animal model system usmg homologous recombination in embryonic stem (ES) 
cells. Such techniques are weU known in the art and are useful for the generation of animal models of 
human disease (see,e.g.. U.S. Patent No. 5,175.383 and U.S. PatentNo. 5.767.337). For example, 
mouse ES cells, such as the mouse 129/SvJ ceU line, are derived fiom the early mouse embryo and 
grown in culture. The ES ceUs are transformed with a vector containing tiie gene of interest disrupted 
by a marker gene, e.g., the neomycin phosphotransferase gene (fteo-, Capecchi. MJL (1989) Science 
244: 1288-1292). The vector integrates into the corresponding region of the host genome by 
homologous recombination. Alternatively, homologous recombination takes place using the Qe-loxP 
system to knockout a gene of interest in a tissue- or developmental stage-specific manner (Marth, J J5. 
(1996) Clin. Invest 97:1999-2002; Wagner. K.U. et al. (1997) Nucleic Acids Res. 25:4323^330). 
Transformed ES cells are identified and microinjected into mouse cell blastocysts such as tiiose ftom 
the C57Biy6 mouse strain. The blastocysts are surgically transferred to pseudopregnant dams, and 
ti» resulting chimeric progeny are genotyped and bred to produce heterozygous or homozygous 
strains. Transgenic animals tims generated may be tested witii potential tiierapeutic or toxic agents. 

Polynucleotides encodmg KPP may also be manipulated in vitro in ES cells derived fi^om 
human blastocysts. Human ES cells have the potential to differentiate mto at least eight separate ceU 
lineages including cndodeim, mesoderm, and ectodermal cell types. These ceU lineages differentiate 
into, for example, neural cells, h^topoietic lineages, and cardiomyocytes (Thomson, JA. et al. 
20 (1998) Science 282:1145-1 147). 

Polynucleotides encoding KPP can also be used to create "knockin" humanized animals 
(pigs) or transgenic animals (mice or rats) to model human disease. Witii knockin technology, a 
region of a polynucleotide encoding KPP is mjected mto animal ES cells, and tiie mjected sequence 
integrates into tiie animal ceU genome. Tiansfoimed ceUs are mjected into blastulae, and die 
bhstulae are implanted as described above. Transgenic pr(^y or mbred Imes are studied and 
treated witii potential pharmaceutical agents to obtain information on treabnent of a human disease. 
Alternatively, a mammal inbred to overexpress KPP, e.g., by secreting KPP in its milk, may also 
serve as a convenient source of tiuit protein (Janne. J. et al. (1998) Biotechnol. Annu. Rev. 4:55-74). 
-TODEHAiPBUTieS- ^ - - -"^ " - ' - - - 

Chemical and structural similarity. e.g.. in tiie context of sequences and motife, exists 
between regions of KPP and kinases and phosphatases. Therefore. KPP appears to play a lole in 
cardiovascular diseases, immune system disorders, neurological disordens. disorders af%M;ting growtii 
and development, lipid disorders, cell proliferative disorders, and cancers. In tiie treatment of 
disorders associated witii increased KPP expression or activity, it is desirable to decrease tiie 
expression or activity of KPP. In tfie treatment of disorders associated witii decreased KPP 
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expression or activity, it is desirable to increase the expression or activity of KHP. 

Therefore, in one embodiment. KPP or a fiagment or derivative thereof may be adnunisteied 
to a subject to treat or prevent a disorder associated wifli decreased expression or activity of KPP. 
Exanqiles of such disorders include, but are not limited to. a cardiovascular disease such as 
5 arteriovenous fistula, atherosclerosis, Itypeitension. vascufitis, Raynaud^ disease, aneurysms, arterial 
dissections, varicose vems, thrombophleUtis and phlebothrombosis. vascular tumors, and 
conq>Ucations of thrombolysis, balloon angic^ty, vascular replacemrat, and conmaiy artay bypass 
graft surgeiy . congestive heart failure, ischenuc heart disease, angfaia pectoris, myocardial infarction, 
hypertensive heart disease, degenerative valvular heart disease, calcific aortic valve stenosis. 
10 congenitally bicuspid aortic valve, mitral annular calcification, mitral valve prolapse, rheumatic fever 
and rheumatic heart disease, infective endocarditis, nonbacterial thn>mbotic endocarditis, endocarditis 
9f systemic lupus erythematosus, carcmoid heart disease, cardiomyopathy, myocarditis, pericarditis, 
neoplastic heart disease, congenital heart disease, and complications of cardiac tran^lantation, 
congenital lung anomalies, atelectasis, pulmonaty congestion and edema, pulmraiary embolism. 
15 puhnonaiy hemorrhage, pulmonary infarction, pulmonary hypertension, vascular sclerosis, 

obstructive puhnonary disease, restrictive pulmonaty disease, chronic obstructive pulmonaty disease, 
emphysema, chronic bronchitis, bronchial asthma, bronchiectasis, bacterial pneumonia, viral and 
mycoplasmal pneumonia, lung abscess, pulmonaty tuberculosis, diffuse interstitial diseases, 
pneumoconioses, sarcoidosis, idiopatiiic pulmonaty fibrosis, desquamative interstitial pneumonitis, 

20 hypersensitivity pneumonitis, puhnonaty eosinophilia bronchioUtis obliterans-organizing pneumonia, 
. diffose puhnonaty hemoiThage syndromes, Goodpasture's syndromes, idiopatiiic pulmonaty 
hemosidax>si8, pulmcmaty involvement in coUagen-vascular disorders, pulmonary alveolar 
protdnosis. lung tumors, inflammatoty and noninflammatory pleural effusions, pneumotiiorax, 
pleural tumors, drug-induced lung disease, radiation-induced lung disease, and conq)lications of lung 

25 transplantation; an inmnme system disorder such as acquued unmunodeficiency syndrome (AIDS), 
Addison's disease, adult respiratoty distress syndK>me, aUergies, ankylosing spondyUtis, amyloidosis, 
anemia, astiuna, atiierosclnfosis, autoimmune hemolytic anemia, autoimmune tiiyroiditis, autoijiumme 
polyendocrinqpatiiy-candidiasis-ectodMmal dystrophy (APECED), bronchitis, cholecystitis, contact 
derinatitisT CinhiTs di^e. atc^ic demuititiVdermatom^^ diabetes meliitiu, enqphysona, 

30 episodic lymphopenia wiUi lymphocytotoxins, erytiiroblastosis fetalis, erytiiema nodosum, atn>phic 
gastritis, glomendon^duitis, Goodpasture's syndrome, gout. Graves' disease, Hashimoto's 
tiiyroiditis, hypereosincqihiUa, irritable bowel syndrome, nuiltiple sclerosis, myastiienia gravis, 
otyocardial or pericardial inflammation, osteoartiuitis, osteoporosis, pancreatitis, polymyositis, 
psoriasis, Reiter's syndrome, rheumatoid artiiritis, sclerodenna, SjSgren's syndrome, systemic 

35 anaphylaxis, systemic lupus etytiiematosus, systemic sclerosis, titfombocytopenic puipuia. ulcerative 
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colitis, uveitis. Werner syndrome, complications of cancer, hemodialysis, and extracoipoieal 
circulation, viral, bacterial, fimgal. parasitic, protozoal, and helmintiuc infections, and trauma; a 
neurological disorder such as epilepsy, ischemic cerebrovascular disease, stroke, cerebral neoplasms. 
Alzheimer's disease. Pick's disease. Huntington's disease, dementia. Parkinson's disease and other 
extrapyramidal disorders, amyotrophic lateral sclerosis and other motor neuron disorders, progressive 
neural muscular atrophy, retinitis pigmentosa, hereditary ataxias, multiple sclerosis and otiier 
demyelinating diseases, bacterial and viral meningitis, brain abscess, subdural enq)yema. epidural 
abscess, suppurative intracranial thrombophlebitis, myelitis and radiculitis, viral central nervous 
system disease, prion diseases including kuru, Creutzfeldt-Jakob disease, and Gerstinann- 
Straussler-Scheinfcer syndrome, fatal famUial insomnia, nutritional and metabolic diseases of die 
nervous system, neurofibromatosis, tuberous sclerosis, cerebelloretinal hemangioblastomatosis, 
encephalotrigeminal syndrome, mental retardation and otiier developmental disorders of the central 
nervous system including Down syndrome, cerebral palsy, neuroskeletal disorders, autonomic 
nervous system disorders, cranial nerve disorders, spmal cord diseases, muscular dystrophy and otiier 
neuromuscular disorders, peripheral nervous system disorders, dermatomyositis and polymyositis, 
inherited, metabolic, endocrine, and toxic myopafliies. myastfienia gravis, periodic paralysis, mental 
disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD), 
akaUiesia. amnesia, catatonia, diabetic neuropafliy. tardive dyskinesia, dystonias, paranoid psychoses, 
posflieipetic neuralgia, Tourette's disorder, progressive supranuclear palsy, corticobasal degeneration, 
and fiunilial frontotemporal dementia; a disorder affecting growtii and development such as actinic 
keratosis, arteriosclerosis, atiieroscleiosis. bursitis, ciiriiosis. hepatitis, mixed com^ctive tissue 
disease (MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, polycytfiemia vera, psoriasis, 
primary dirombocyfliemia. renal tubular acidosis, anemia. Cushing's syndrome, achondroplastic 
dwarfism, Duchenne and Becker muscular dystrophy. epUepsy. gonadal dysgenesis. WAGR 
syndrome (Wilms* tumor, aniridia, genitourinary ahnormaUties. and mental retardation). Smifli- 
Magenis syndrome, myelodysplastic syndrome, hereditary mucoepitiielial dysptasia. hereditary 
keratodennas. hereditary neuropathies such as Ca«ucot-Marie-Toofli disease and neurofibromatosis, 
hypotiiyroidism, hydrocephahis. seizure disorders such as Syndenham's chorea and cerebral palsy, ' 
spina.bifida..anencephaly. craniorachischisis. congenital glaucOiiia. catSct. and sensorfiieuSd- ' 
hearing loss; a Hpid disorder such as fatty liver, cholestasis, primary biliary cirrhosis, carnitine 
deficiency, carnitine palmitoyltiansferase deficiency, myoadenylate deaminase deficiency, 
hypertriglyceridemia, lipid storage disorders such Fabry's disease. Gaucher's disease. Niemann- 
Pick's disease, metachromatic leukodystrophy, adrenoleukodystrpphy, CM, gangliosidosis, and 
ceroid lipofuscinosis, abetalipoproteinemia, Tangier disease, hyperiipoproteinemia, diabetes mellitus. 
lipodystrophy. Upomatoses, acute panniculitis, disseminated fat necrosis, adiposis dolorosa. Upoid 
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adienal hypeiplasia, minimal change disease, lipomas, atherosclerosis, hyparcholesteiolemia, 
hypercholesterolemia with hypertriglyceridemia, primary hypoalphalipoproteinemia, hypothyroidism, 
renal disease, liver disease, lecithinxholesterol acyltransferase deficiency, cerebrotendinous 
xanthomatosis, sitosterolemia, hypocholesterolemia, Tay-Sachs disease, Sandhofifs disease, 
5 hyperlipidemia, hyperlipemia, lipid myopathies, and obesity; and a cell proliferative disorder such as 
actinic keratosis, arteriosclerosis, atherosclerosis, bursitis, cirrhosis, hepatitis, mixed connective 
tissue disease (MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, polycythemia vera, 
psoriasis, primary fhrombocythemia, and cancers including adenocarcinoma, leukemia, lymphoma, 
melanoma, myeloma, sarcoma, teratocarcinoma, and, in particular, cancers of the adrenal gland, 
10 bladd^, bone, bone marrow, brain, breast, cervix, colon, gall bladd^, ganglia, gastrointestinal tract, 
heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid, penis, prostate, salivary ^ands, skin, 
spleen, testis, thymus, thyroid, uterus, leutemias such as multiple myeloma, and lyn^homas such as 
Hodgkin*s disease. 

hi another embodiment, a vector capable of expressing KPP or a fiiigment or derivative 
IS thereof may be administered to a subject to treat or prevent a disorder associated with decreased 
egression or activity of KPP including, but not limited to, those described above. 

In a further embodiment, a composition conq)rising a substantially purified KPP in 
conjunction with a suitable pharmaceutical carrier may be administered to a subject to treat or prevent 
a disorder associated with decreased expression or activity of KPP including, but not limited to, those 
20 provided above. 

In still another embodiment, an agonist which modulates the activity of KPP may be 
administered to a subject to treat or prevent a disorder associated with decreased expression or 
activity of KPP including, but not limited to, those listed above. 

In a further embodiment, an antagonist of KPP may be administered to a subject to treat or 
25 prevent a disorder associated with increased expression or activity of KPP. Examples of such 
disorders include, but are not limited to, those cardiovascular diseases, immune system disorders, 
neurological disorders, disorders affecting growth and development, lipid disorders, cell proliferative 
disorders, and cancers described above. In one aspect, an antibody which specifically binds KPP may 
be used diiectiy as an antagonist or indirectiy as a targeting or delivery mechanism for bringing a 
30 pharmaceutical agent to cells or tissues which express KPP. 

In an additional embodiment, a vector expressing the complement of the polynucleotide 
encoding KPP may be administered to a subject to treat or prevent a disorder associated with 
mcreased e;q)ression or activity of KPP including, but not limited to, those described above. 

hi other embodiments, any protein, agonist, antagonist, antibody, complementary sequence, 
35 or vector embodiments may be administered in combination with other ^propriate therapeutic 
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agents. Selection of the appropriate agents for use in combination tlieiBpy may be made by one of 
ordinary skiU in the art. acconiing to conventional pharmaceutical principles. The coml»nation of 
therapeutic agents may act synergisticaUy to effect the treatment or prevention of the various 
disorders described above. Using this approach, one may be able to achieve therapeutic efficacy with 
lower dosages of each agent, thus reducing the potential for adverse side effects. 

An antagonist of KPP may be produced using methods which ate generally known in the art. 
In particular, purified KPP may be used to produce antibodies or to screen libraries of pharmaceutical 
agents to identify those which specifically bind KPP. Antibodies to KPP may also be generated using 
methods that are well known in the art. Such antibodies may include, but are not limited to. 
polyclonal, monoclonal, chimeric, and single chain antibodies. Fab fiagments. and fragments 
produced by a Fab expression Ubtaiy. hi an embodiment, neutralizing antibodies (i.e.. those which 
inhibit dimer foimation) can be used therapeuticaUy. Single chain antibodies (e.g., from camels or 
llamas) may be potent en^ inhibitors and may have application in the design of peptide mimetics. 
and m the development of immuno-adsoriwnts and biosensors (Muyldermans. S. (2001) J Biotechnol 
74:277-302). 

For the production of antibodies, various hosts mchiding goats, rabbits, rats, mice, camels. 

dromedaries, llamas, humans, and others may be immunized by injection with KPP or with any 
ftagment or oKgopeptide thereof which has immunogenic properties. Depending on ttie host species, 
various adjuvants may be used to mcrease immunological response. Such adjuvants include, but are 
not lunited to. Freund%. mineral gels such as alummmn hydroxide, and surface active substances such 
as lysolecithin. pluronic polyols, polyanions. peptides, oil emulsions. KLH. and dmitrophenol. 
Among adjuvants used in humans. BCG (baciUi Cahnette-Guerin) and Corynebacterium parvum are 
especially preferable. 

It is preferred that the oligopeptides, peptides, or fragments used to mduce antibodies to KPP 
have an amino acid sequence consistingof at least about 5 amino acids, and genendly wiU consist of 
at least about lOammoadds. Sis also preferable flMttiiese oligopeptides, peptides, or fr.«ments are 
substantiaUy identical to a portion of tfie amino acid sequence of die mitoml protein. Short stretches 
Of KPP amino acids may be fused with those of another protein, such as KLH. and antibodies to ti» 

_chimericmolecule.may-beproducedT-- - : -.. ■- - .- - -- - . 

Monoclonal antibodies to KPP may be prepared using any technique which pn>vides for die 
production of antibody molecules by continuous cell lines in culture. These mclude. but are not 
limited to, die hybridoma technique, tiie hmnan B^ell hybridoma technique, and die EBV^ybridoma 
technique (Kohler, G. et al. (1975) Nature 256:495-497; Kozbor. D. et al. (1985) J. Immunol. 
Metiiods 81:31-42; Cote. R.J. et al. (1983) Proc. Nad. Acad. Sci. USA 80:2026-2030; Cole. SJP. et al 
(1984) Mol. Cell Biol. 62: 109-120). 
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In addition, techniques developed for the production of "chimeric antibodies," such as the 
splicing of mouse antibody genes to human antibody genes to obtsun a molecule vnth appropriate 
antigen specificity and biological activity, can be used (Morrison, Si. et aL (1984) Proc. Natl. Acad. 
Sci. USA 81:6851-6855; Neubergpr, M.S. et aL (1984) Nature 312:604-608; Talceda, S. et al. (1985) 
5 Nature 3 14:452-454). Alternatively, techniques described for the production of suigle chain 
antibodies may be adapted, using methods known m the art, to produce KFP-^pecific single chain 
antibodies. Antibodies with related specificity, but of distinct idiotypic conq>osition, may be 
generated by chain shuffling from random combinatorial immunoglobulin libraries (Burton, D.R. 
(1991) Proc. NaU. Acad. Sci. USA 88:10134-10137). 

10 Antibodies may also be produced by inducing in vivo production in the lymphocyte 

population or by screening immunoglobulin libraries or panels of highly specific binding reagents as 
disclosed in the Hterature (Orlandi, R. et al. (1989) Proc. Natl. Acad. Sci. USA 86:3833-3837; Winter, 
G. et al. (1991) Nature 349:293-299). 

Antibody fragments which contain specific binding sites for KPP may also be generated. For 

15 example, such fragments include, but are not limited to, F(ab')2 fragments produced by pepsin 

digestion of the antibody molecule and Fab fragments generated by reducing the disulfide bridges of 
the F(ab')2 Augments. Alternatively, Fab expression libraries may be constructed to aUow rapid and 
easy identification of monoclonal Fab fragments with the desired specificity (Huse, W.D. et al. (1989) 
Science 246:1275-1281). 

20 Various inununoassays may be used for screening to identify antibodies having the desired 

specificity. Numerous ^x>tocols for competitive binding or immunoradiometric assays using either 
polyclonal or monoclonal antibodies with established specificities are well known in the art. Such 
immunoassays typically involve the measurement of complex formation between KPP and its specific 
antibody. A two-site, monoclonal-based immunoassay utilizing monoclonal antibodies reactive to 

25 two non-interfering KPP epitopes is generally used, but a competitive binding assay may also be 
enq)Ioyed (Pound, supra). 

Various methods such as Scatchard analysis in conjunction with radioimmunoassay 
techniques may be used to assess the affinity of antibodies for KPP. Affinity is expressed as an 

— associationlJOnstant; K;,"wHicr is defined aj^lh¥gidia£' c^^ of KPP-antibody con^iex^ 

30 divided by the molar concentrations of j&ee antigen and free antibody under equilibrium conditions. 
The K„ detenmned for a preparation of polyclonal antibodies, which are heterogeneous m their 
affinities for multiple KPP epitopes, represents the average affinity, or avidity, of the antibodies for 
KHP. The Ka determined for a preparation of monoclonal antibodies, which are monospecific for a 
particular KPP epitope, represents a true measure of affinity. High-affinity antibody preparations 

35 with K„ ranging from about 10^ to 10" L/mole are preferred for use m immunoassays in which the 

ss 



KPP-andbody coiiq>lex must withstand rigQrous manipulations. Low-affinity antibody pi^arations 
with ran^g from about 10^ to lO' L/mole are piefeited for use in immxtnopurification and sinular 
procedures which ultimately lequiie dissociation of KPP» preferably in active form, from the antibody 
(Catty, D. (1988) Antibodies. V nliiTnP. T> A Practical Approach. IRL Press, Washingtxxi DC; LiddeU, 
S JJB. and A. Ciyer (1991) A Ptactical Guide to Monoclonal Antibodies- John Wiley & Sons, New 
York NY). 

The tit^ and avidi^ of polyclonal antibody piq^arations may be further evaluated to 
determine the quality and suitability of such preparations for c^tain downstream applications. For 
example, a polyclonal antibody preparation containing at least 1-2 mg specific antibody/ml, 

10 preferably 5-10 mg specific antibody/ml, is generally employed in procedures requiring precipitation 
of KPP-antibody complexes. Procedures for evaluating antibody specificity, titer, and avidity, and 
guidelines for antibody quality and usage in various applications, are generally available (Catty, 
supra; Coligan et ai., supra). 

In another embodiment of the invention, polynucleotides encoding KPP, or any fragment or 

15 conq)lement thereof, may be used for therapeutic purposes. In one aspect, modifications of gene 
expression can be achieved by designing cottq>lementary sequences or antisense molecules (DNA, 
RNA, PNA, or modified oligonucleotides) to the coding or regulatory regions of the gene encoding 
KPP. Such technology is well known in the art, and antisense oligonucleotides or larger firagments 
can be designed from various locations along the coding or control regions of sequences encoding 

20 KPP (Agrawal, S., ed, (1996) Antisense Therapeutics ^ Humana Press, Totawa NJ). 

In therapeutic use, any gene delivery system suitable for introduction of the antisense 
sequences into appropriate target cells can be used. Antisense sequences can be delivered 
intracellularly in the form of an expression plasmid which, upon transcription, produces a sequence 
complementary to at least a portion of the cellular sequence encoding the target protein (Slater, J.E. et 

25 al. (1998) J. AUergy Clm. limnunol. 102:469-475; Scanlon, K.J. et al. (1995) FASEB J. 9:1288- 
1296). Antisense sequences can also be introduced intraceUularly through die use of viral vectors, 
such as retrovkus and adeno-associated virus vectors (Miller, A.D. (1990) Blood 76:271-278; 
Ausubel et al., s^pra; Uckert, W. and W. Walther (1994) Pharmacol. Ther. 63:323-347). Other gene 
delTvery meclianisrns mciude fiposome-derived systems, artificial viral envelopes, and other systems 

30 known in the art (Rossi, JJ. (1995) Br Med. Bull. 51:217-225; Boado. R.I. et al. (1998) J. Pharm. 
Sci. 87: 1308-1315; Morris, M.C. et al. (1997) Nucleic Acids Res. 25:2730-2736). 

In another ^bodiment of the invention, polynucleoddes encoding KPP may be used for 
somatic or germline gene therapy. Gene therapy may be performed to (i) correct a genetic deficiency 
(e.g., in the cases of severe combined immunodeficiency (SCID)-Xl disease characterized by X- 

35 Imked inheritance (C:avazzana-C:alvo, M. et al. (2000) Science 288:669-672), severe combined 
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immunodeficiency syndrome associated widi an inherited adenosine deaminase (ADA) deficiency 
(Blaese, RM. et al. (1995) Science 270:475^0; Bordignon. C. et al. (1995) Science 270:470-475), 
cystic fibrosis (Zabner, J. et al. (1993) Cell 75:207-216; Qystal, R-G. et al. (1995) Hum. Gene 
Therapy 6:643-€66; Qystal, R.G. et al. (1995) Hum. Gene Therapy 6:667-703), thalassamias, familial 

5 hypeicholesterolenna, and hemophilia resulting from Factor Vm or Factor K deficiencies (Crystal, 
R.a (1995) Science 270:404-410; Verma, LM. and N. Somia (1997) Nature 389:239-242)), (ii) 
express a conditionally lethal gene product (e.g., in the case of cancm which result from unregulated 
cell proliferation), or (iii) express a protein which affords protection against intracellular parasites 
(e.g., against human retroviruses, such as human immunodeficiency virus (HIV) (Baltimore, D. 

10 (1988) Nature 335:395-396; Poeschla, E. et al. (1996) Proc. Nati. Acad. Sci. USA 93:11395-11399). 
hepatitis B or C virus (HBV, HCV); fungal parasites, such as Candida albicans and Paracoccidioides 
brasiliensis; and protozoan parasites such as Plasmodium falciparum and Trypanosoma cruzl), Jn the 
case where a genetic deficiency in KFP «pression or regulation causes disease, the expression of 
KPP from an appropriate population of transduced cells may alleviate the clinical manifestations 

15 caused by the genetic deficiency. 

In a further embodiment of the invention, diseases or disorders caused by deficiencies in KPP 
are treated by constructing mammalian expression vectors encoding KPP and introducing these 
vectors by mechanical means into KFP-deficient cells. Mechanical transfer technologies for use with 
cells in vivo or ex vitro include (i) direct DNA microinjection into individual cells, (ii) ballistic gold 

20 particle delivery, (iii) liposome-mediated transfection, (iv) receptor-mediated gene transfer, and (v) 
the use of DNA transposons (Morgan, R.A. and W.F. Anderson (1993) Annu. Rev. BiochenL 62: 191- 
217; Ivies, Z. (1997) CeU 91:501-510; Boulay. J.-L. and H. R&ipon (1998) Curr. Opin. Biotechnol. 
9:445-450). 

Expression vectors that may be effective for the expression of KPP include, but are not 
25 limited to, die PCDNA 3. 1, EPITAG, PRCCMV2, PREP, PVAX, PCR2-TOPOTA vectors 

(Ihvitrogen, Carlsbad CA), PCMV-SCRIPT, PCMV-TAG, PEGSH/PERV (Stratagene, La Jolla CA). 
and PTET-OFF, PTET-ON, PTRE2, PTRE2-LUC, PTK-HYG (BD Clontech, Palo Alto CA). KPP 
may be expressed using (i) a constitutively active promoter. (e.g., firom cytomegalovirus (CMV), 
.Rous sarcoma vmis-(RS V),- SV40 virus,lhymidin(^ lanase'(TK),'of p"-actin genes), (ii) an inducible 
30 promoter (e.g., the tetracycline-regulated promoter (Gossen, M. and R Bujard (1992) Proc- Natl. 
Acad. Sci. USA 89:5547-5551; Gossen, M. et al. (1995) Science 268:1766-1769; Rossi, F.M-V. and 
HJvI. Blau (1998) Curr. Opin. Biotechnol. 9:451-456), commercially available in the T-REX plasmid 
(Invitrogen)); the ecdysone-inducible promoter (available in the plasmids PVGRXR and PIND; 
hivitrogen); the FK506/rapamycin inducible promoter, or the RU486/mifepristone inducible promoter 
35 (Rossi, FM.V. and H.M. Blau, supra)), or (iii) a tissue-specific promoter or die native promoter of 
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tfie endogenous gene encoding KPP finom a nomial indiviidual. 

Commercially available liposome transfonnation kits (e.g.. the PH RP HC f LIPID 
TElANSFECnON KIT, available from Ihvitrogen) allow one with ordinary skill in the art to deliver 
polynucleotides to target cells in culture and require minimal effort to optimize experin^ntal 
5 parameters, hi the alternative, transformation is performed using the calcium phosphate mediod 
(Graham, F.L. and AJ. Eb (1973) Virology 52:456-467), or by electtoporation (Neumann, E. et al. 
(1982) HVIBO J. 1:841-845). The introduction of DNA to primary cells requires modification of 
these standardized mammalian transfection protocols. 

In another embodiment of the invention, diseases or disorders caused by genetic defects with 

10 respect to KPP expression are treated by constructing a retrovirus vector consisting of (i) the 

polynucleotide encoding KPP under the control of an independent promoter or the retrovirus long 
terminal repeat (LTR) promoter, (ii) appropriate RNA packaging signals, and (iii) a Rev-responsive 
element (RRE) along with additional retrovirus c/jr-acting RNA sequences and coding sequences 
required for efficient vector propagation. Retrovirus vectors (e.g., PFB and PFBNEO) are 

15 commerciaUy available (Stratagene) and are based on published data (Riviere, L et al. (1995) Proc. 
Natl. Acad. ScL USA 92:6733-6737), mcoiporated by reference herem. The vector is propagated in 
an appropriate vector producing cell line (VPCL) that expresses an envelope gene with a tropism for 
receptors on the target cells or a promiscuous envelope protein such as VSVg (Armentano, D. et al. 
(1987) J. Virol. 61:1647-1650; Bender, M.A et al. (1987) J. Virol. 61:1639-1646; Adam, M.A. and 

20 A.D. Miner (1988) J, Virol. 62:3802-3806; Dull. T. et al. (1998) J. Virol. 72:8463-8471; Zufferey. R. 
et al. (1998) J. Virol. 72:9873-9880). U.S. Patent No. 5,910,434 to Rigg CTVIethod for obtaining 
retrovirus packaging cell lines producing high transducing efficiency retrovkal supematant") 
discloses a method for obtammg retrovmis packaging ceU Unes and is hereby incorporated by 
reference. Propagation of retrovhxis vectors, transduction of a population of cells (e.g., Ca>4* T- 

25 cells), and die return of transduced cells to a patient are procedures well known to persons skilled in 
the art of gene therapy and have been well documented (Ranga, U. et al. (1997) J. Virol. 71 :7Q20- 
7029; Bauer. G. et al. (1997) Blood 89:2259-2267; Bonyhadi. M.L. (1997) J. Virol. 71:4707^716; 
Ranga. U. et al. (1998) Proc. Nad. Acad. Sci. USA 95:1201-1206; Su. L. (1997) Blood 89:2283- 

- ..^290h - - 

30 Id an embodunent. an adenovirus-based gene therapy delivery system is used to deliver 

polynucleotides encoding KPP to cells which have one or more genetic abnormalities with respect to 
tfie expression of KPP. Hie construction and packaging of adenovmis-based vectors arc well known 
to tfiose witii ordinary skffl in the art. RepUcation defective adenovirus vectors have proven to be 
versatile for importing genes encodmg immunoregulatory proteins into intact islets in the pancreas 

35 (Csete. MM. et al. (1995) Transplantation 27:263-268). PotentiaUy useful adenoviral vectors are 



58 



PF-I710P 



described in U.S. Patent No. 5,707.618 to Annentano ("Adenovirus vectors for gene therapy^O. 
hereby incorporated by reference. For adenoviral vectors, see also Antinozzi. PJL et al. (1999; Anno. 
Rev. Nutr. 19:511-544) and Verma, LM. and N. Somia (1997; Nature 18:389:239-242). 

In another embodiment, a herpes^ased, gene therapy deUvety system is used to deliver 
5 polynucleotides encoding KPP to target cells which have one or moie genetic abnormaUties with 
respect to the expression of KPP. The use of herpes simplex virus (HSV)-based vectors may be 
especially valuable for introducing KPP to cells of the central nervous system, for which HSV has a 
tropism. The construction and packaging of herpes-based vectors are weU known to those with 
ordinary skiU in the art. A replication-competent herpes simplex vims (HSV) type 1-based vector has 
10 been used to deliver a reporter gene to the eyes of primates (Liu, X. et al. (1999) Exp. Eye Res. 
169:385-395). The construction of a HSV-1 vims vector has also been disclosed in detaU in U.S. 
Patent No. 5.804.413 to DeLuca ("Herpes simplex virus strains for gene transfer"), which is hereby 
faicoiporated by reference. U.S. Patent No. 5,804,413 teaches the use of recombinant HSV d92 which 
consists of a genome containing at least one exogenous gene to be transferred to a cell under the 
15 controloftheappropriatepromoterforpurposesincludinghumangenetiierapy. Also taught by this 
patent are the construction and use of recombinant HSV strains deleted for ICP4, ICP27 and ICP22. 
For HSV vectors, see also Coins, WJF. et al. (1999; J. Virol. 73:519-532) and Xu, H. et al. (1994; 
Dev. Biol. 163:152-161). The manipulation of cloned herpesvirus sequences, tiie generation of 
recombinant virus fbUowing ti» transfection of multiple plasmids containing different segments of 
20 die large hopesvinis genomes, the growfli and propagation of herpesvirus, and tiie infection of cells 
witii herpesvirus are techniques weU known to diose of ordinary skill in die art. 

In another embodiment, an alphavirus (positive, single-stranded RNA virus) vector is used to 
deliver polynucleotides encoding KPP to target cells. The biology of tiie prototypic alphavirus. 
SemliW Forest Virus (SFV). has been studied extensively and gene transfer vectors have been based 
25 on the SFV genome (Garof^ H. and K-J. U (1998) Qnr. Opin. Biotechnol. 9:464-t69). During 
alphavin« RNA replication, a subgenomic RNA is generated fliat nonnally encodes ti» viral capsid 
proteins. This subgenomic RNA replicates to higher levels tiian die fiiU lengdi genomic RNA, 
lesuWng in die oveiproduction of capsid proteins relative to die viral proteins widi enzymatic activity 
---<e<g.,-protease^and^lymerase); Simaaly.mscSting 
30 genome in place of die capsid-codtag region results in die production of a large number of KPP- 
coding RNAs and die syndiesis of high levels of KPP in vector transduced cells. While alphavinis 
infection is typically associated widi ceU lysis widun a few days, die aWKty to establish a persistent 
infection in hamster normal kidney cells (BHK.21) widi a variant of Sindbis vims (SIN) indicates dmt 
the lytic replication of alphavinises can be altered to suit die needs of d« gene dierapy application 
(Dryga. S.A. et al. (1997) Virology 228:74^3). The wide host range of alphavinises wlU aUow die 
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introduction of KPP into a variety of cell types. The specific tiansduction of a subset cf<»Iis in a 
population may require the sorting.of cells prior to transductian. The methods of manipulating 
infectious cDNA clones of alphavinises, peifonning alphavirus cDNA and RNA transfections. and 
peifoiming alphavirus infections, are weU known to those vfitii oidinaiy skill in the ait 

Oligonucleotides derived from tite transcription initiation site. e.g.. between about positions 
-10 and +10 from die start site, may also be employed to mhibit gene expression. SimUarly. 
inhibition can be achieved usmg triple helix base-pairing metiiodology. Triple helix pairing is useful 
because it causes inhibition of die abiHty of die double helix to open sufficiently for die binding of 
polymerases, transcription factors, or regulatory molecules. Recent dierapeutic advances using 
triplex DNA have been described in die literature (Gee. JJE. et al. (1994) m Huber, BB. and B.L Cair. 
Molecule and faimunolopic Approaches . Futura PublisWng, Mt Kisco NY, pp. 163-177). A 
complementary sequence or antisense molecule may also be designed to block translation of mRNA 
by preventing die transcript from binding to ribosomes. 

Ribozymes. enzymatic RNA molecules, may also be used to catalyze die specific cleavage of 
RNA. The mechanism of ribozyme action involves sequence-specific hybridization of die ribozyme 
' molecule to complementary target RNA, foUowed by endonucleolytic cleavage. For example, 
engineered hammeriiead motif ribozyme molecules may specificaUy and efBcientiy catalyze 
endonucleolytic cleavage of RNA molecules encoding KPP. 

Specific ribozyme cleavage sites widiin any potential RNA target are initially identified by 
scanning die target molecule for ribozyme cleavage sites, including die following sequences: GUA. 
GUU. and GUC Once identified, short RNA sequences of between 15 and 20 ribonucleotides, 
conesponding to die region of the target gene contaming die cleavage site, may be evaluated for 
secondary sfiuctund features which may render die oUgonucleotide inoperable. The suitabiKty of 
amdidate targets may also be evaluated by testing accessibility to hybridization widi complementary 
oligonucleotides using ribtmuclease protection assays. 

Complementary ribonucleic acid molecules and ribozymes may be prepared by any metiiod 
known in die art for die symfaesis of nucleic acid molecules. These include techniques for chemicaUy 
syntfiesizmg oligonucleotides such as soUd phase phosphoramidite chemical syndiesis. Alternatively, 
.^RNA molecules may be genenited by IB viWaiid invivd ttanicriptioh of DNA molecules enc^g 
KPP. Such DNA sequences may be incorporated into a wide variety of vectors widi suitable RNA 
polymerase promoters such as T7 or SP6. Alternatively, diese cDNA constructs diat syndiesize 
complementary RNA. constitutively or mducibly. can be introduced into cen lines, cells, or tissues. 

RNA molecules may be modified to increase intracellular stability and half-life. Possible 
modifications include, but are not limited to, die addition of flanking sequences at die 5* and/or 3* 
ends of die molecule, or die use of phosphorodiioate or 2'O-inediyl ladier dian phosphodiesterase 
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linkages witlun the backbone of the noolecule. This concept is inherent in ttie pzoducdon of PNAs 
and can be extended in all of these molecules by the inclusion of nontraditional bases such as inosine, 
queosine, and wybutosine, as well as acetyl-, methyl-, thio-, and similarly modified forms of adenine, 
cytidine, guanine, thymine, and uridine which are not as easily recognized by endograous 
5 mdonucleases. 

Li other embodiments of the invention, tfie expression of one or more selected 
polynucleotides of the present invention can be altered, inhibited, decreased, or silenced using RNA 
interference (RNAi) or post-transcriptional gene silencing (PTGS) methods known in the art RNAi 
is a post-transcriptional mode of gene silencing in which double-stranded RNA (dsRNA) introduced 

10 into a targeted cell specifically suppresses the expression of the homologous gene (i.e., the gene 
bearing the sequence complementary to the dsRNA). This effectively knocks out or substantially 
reduces the expression of the targeted gene. PTGS can also be accomplished by use of DNA or DNA 
fragments as well. RNAi methods are described by Fire, A. et al, (1998; Nature 391:806-811) and 
Gura, T. (2000; Nature 404:804-808). PTGS can also be initiated by introduction of a 

15 complementary segment of DNA into the selected tissue using gene delivery and/or viral vector 
delivery methods described herein or known in the art. 

RNAi can be induced in mammalian cells by the use of small interfering RNA also known as 
siRNA. siRNA are shorter segments of dsRNA (typically about 21 to 23 nucleotides in length) that 
result in vivo from cleavage of introduced dsRNA by the action of an endogenous ribonuclease. 

20 siRNA appear to be the mediators of the RNAi effect in mammals. The most effective siRNAs 

appear to be 21 nucleotide dsRNAs with 2 nucleotide 3' overhangs. The use of siRNA for inducing 
RNAi in m am m al i an cells is described by Elbashk, S.M. et al. (2001; Nature 41 1:494-498). 

siRNA can be generated indirectiy by introduction of dsRNA mto the targeted cell. 
Alternatively, siRNA can be synthesized direcdy and introduced ihto a cell by transfection methods 

25 and agents described herein or known in the art (such as liposome-mediated transfection, viral vectcxr 
methods, or otiier polynucleotide delivery/introductory methods). Suitable siRNAs can be selected 
by examining a transcript of the target polynucleotide (e.g., mRNA) for nucleotide sequences 
downstream from the AUG start codon and recording the occurrence of each nucleotide and the 3* 
adjacent 19 to':^ nucledtides^as potentiarsiRNA target "sites, witEleqi^nces having a"2;i nucleotide 

30 length being preferred. Regions to be avoided for target siRNA sites mclude tiie S* and 3' untranslated 
regions (UTRs) and regions near tiie start codon (within 75 bases), as these may be richer in 
regulatory protein binding sites. UTR-binding proteins and/or translation initiation conq>lexes may 
intofere with binding of the siRNP endonuclease complex. The selected target sites for siRNA can 
then be conqpared to the appropriate genome database (e.g., human, etc.) usmg BLAST or other 

35 sequence comparison algorithms known m the art. Target sequences with significant homology to 
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Other coding sequences can be eliminated from consideration. The selected siRNAs can be produced 
by chemical synthesis methods known in the art or by in vitro tnmscription using commeiciaUy 
avaUable methods and kits such as the SILENCER siRNA construction kit (AmWon, Austin TX). 

In alternative embodiments, long-term gene silencing and/or RNAi effects can be induced hi 
5 selected tissue using expression vectors that continuously express siRNA. This can be accomplished 
usmg expression vectors that are engmeered to express hairpm RNAs (shRNAs) using methods 
known in the art (see. e.g.. Brummelkamp. T.R. et al. (2002) Science 296:550-553; and Paddison. P.J. 
etal. (2002) Genes Dev. 16:948-958). In these and related embodiments. shRNAs can be deUvered to 
target ceUs using expression vectors known in the art An example of a suitable expression vector for 
10 deMvery of siRNA is the PSILENCER1.0-U6 (circular) plasmid (Ambion). Once deUvered to the 
taigrt tissue. ShRNAs are processed in vivo into siRNA-like molecules capable of carrying out gene- 
spedfic silencing. 

In various embodiments, the expression levels of genes targeted by RNAi or FFGS methods 
can be determined by assays for mRNA and/or protein analysis. Expression levels of die mRNA of a 

15 targeted g^ can be determined, for example, by northern analysis methods using the 

NORTHERNMAX<JLY kit (Ambion); by microanay methods; by PGR methods; by real time PGR 
methods; and by other RNA/polynucleotide assays known m the art or described herem. Expression 
levels of the protem encoded by the targeted gene can be determined, for example, by microarray 
methods; by polyacrylamide gel electrophoresis; and by Western analysis usmg standard techniques 

20 known in the art 

An additional embodiment of the invention encompasses a method for screenmg for a 
compound whichiseffectiveinalteringexpressionofapolynucleotideencodingKPP^ Compounds 
which may be effective m altering expression of a specific polynucleotide may include, but are not 
limited to. oligonucleotides, antisense oligonucleotides, triple heUx-forming oligonucleotides, 
transcription fiictors and other polypeptide transcriptional regulators, and non-macromolecular 
chemical entities which are capable of interacting with specific polynucleotide sequences. Effective 
compounds may alter polynucleotide expression by acting as either inhibitors or promoters of 
polynucleotide expression. Thus, m tiie treatment of disorders associated with mcreased KPP 
expression or actiyity.-a compound which specificaUy mMBits expressira^^ polynu^leotidis 
encoding KPP may be therapeuticaUy useful, and in the treatment of disorders associated witii 
decreased KPP expression or activity, a compound which specifically promotes expression of the 
polynucleotide encoding KPP may be therapeutically usefiil. 

hi various embodiments, one or more test compounds may be screened for effectiveness m 
altering expression of a specific polynucleotide. A test compound may be obtamed by any mediod 
commonly known m die art, mcludqg chemical modification of a compound known to be effective in 
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altering polynucleotide expression; selection from an existing, commercially-available or proprietary 
library of naturally-occurring or non-natural chemical compounds; rational design of a conq^ound 
based on chemical and/or structural properties of the target polynucleotide; and selection from a 
library of chemical compounds created combinatoriaUy or randomly. A sample comprising a 
5 polynucleotide encoding KPP is exposed to at least one test compound thus obtained The sample 
may comprise, for example, an intact or penneabilized ceU, or an in vitm cell-free or reconstituted 
biochemical system. Alterations in the expression of a polynucleotide encoding KPP are assayed by 
any mefliod commonly known in the art. Typically, the expression of a specific nucleotide is 
detected by hybridization with a probe having a nucleotide sequence complementary to the sequence 

10 of the polynucleotide racodmg KPP. The amount of hybridization may be quantified, thus forming 
die basis for a comparison of the expression of the polynucleotide both with and vrithout exposure to 
one or more test conqiounds. Detection of a change in the expression of a polynucleotide exposed to 
a test compound indicates that die test compound is efEsctive in altering the expression of the 
polynucleotide. A screen for a confound effective in altmng expression of a specific polynucleotide 

15 can be carried out, for example, using a Schizosaccharomyces pombe gene expression system 
(Atkins, D. et al. (1999) U.S. Patent No. 5,932.435; Amdt, G-M. et al. (2000) Nucleic Acids Res. 
28:E15) or a human ceU line such as HeLa ceU (Clarice, MJL et al. (2000) Biochem. Biophys. Res. 
Conunun. 268:8-13). A particular embodiment of the present invention mvolves screening a 
combinatorial library of oligonucleotides (such as deoxyribonucleotides, ribonucleotides, peptide 

20 nucleic acids, and modified oligonucleotides) for antisense activity against a specific polynucleotide 
sequence (Bruice, T.W. et al. (1997) U.S. Patent No. 5.686,242; Bruice, T.W. et al. (2000) U.S. 
Patent No. 6,022,691). 

Many methods for introducing vectors into cells or tissues are available and equally suitable 
for use in vivo, in vitro, and ex vivo. For ex vivo therapy, vectors may be introduced into stem cells 
25 taken from the patient and clonally propagated for autologous transplant back into that same patient. 
Delivery by transfection, by liposome injections, or by polycationic amino polymers may be achieved 
using methods which are well known in the art (Goldman, CK. et al. (1997) Nat Biotechnol. 15:462- 
466). 

Any of the therapeutic methods described above may be applied to any subject in need of 
30 such therapy, including, for example, mammals such as humans, dogs, cats, cows, horses, rabbits, and 
monkeys. 

An additional embodiment of the mvention relates to the administration of a composition 
which generally conqnises an active mgredient formulated with a pharmaceutically acceptable 
excipient. Excipients may include, for example, sugars, starches, celluloses, gums, and proteins. 
35 Various formulations are commonly known and are thoroughly discussed in the latest edition of 
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Reminptonls Phannaceutical Sciences fMaack Publighiiig^ Ragtmi PA) Such con^ositions may 
consist of KPP, antibodies to KPP, and mimetics, agonists, antagonists, or inhibitors of KPP. 

In various embodimentSt the compositions described h^in, such as phannaceutical 
conqiositions, may be administered by any number of routes including, but not limited to, oral, 
intravenous, intramuscular, intra-arterial, intramedullary, intrathecal, intraventricular, pulmonary, 
transdermal, subcutaneous, intraperitoneal, intranasal, entml, topical, sublingual, or rectal means. 

C!o]iqK>sitions for pulmonary administration may be prepared in liquid or dry powder form. 
These compositions are generally aerosolized iounediately prior to inhalation by the patient In the 
case of small molecules (e.g. traditional low molecular weight organic drugs), aerosol delivery of 
fast-acting formulations is well-known in the art hi the case of macromolecules (e.g. larger peptides 
and proteins), recent developments in the field of pulmonary delivery via the alveolar region of the 
lung have enabled the practical delivery of drugs such as insulin to blood circulation (see, e.g., Patton, 
J.S. et al., U.S. Patent No. 5,997,848). Pubnonary delivery allows admmistration without needle 
injection, and obviates the need for potentially toxic penetration enhancers. 

Compositions suitable for use in the invention include compositions wherein the active 
ingredients are contained in an effective amount to achieve the intended purpose. The determination 
of an effective dose is well within the capability of those skilled in the art. 

Specialized forms of compositions may be prepared for direct intracellular delivery of 
macromolecules comprising KPP or firagments thereof For example, liposome preparations 
containing a cell-impermeable macromolecule may promote cell fusion and mtracellular delivery of 
the macromolecule. Alternatively, KPP or a fragment thereof may be joined to a short cationic N- 
termmal portion from the HIV Tat-1 protein. Fusion proteins thus generated have been found to 
transduce into the cells of all tissues, including the brain, in a mouse model system (Schwaize, S,R. et 
al. (1999) Science 285:1569-1572). 

For any compound, the therapeutically effective dose can be estimated initially either in cell 
culture assays, e.g., of neoplastic cells, or in animal models such as mice, rats, rabbits, dogs, 
monkeys, or pigs. An animal model may also be used to determine the appropriate concentration 
range and route of administration. Such information can then be used to detemune useful doses and 
routes for aOSmiii'straiionjn hu^^ ' ' '^''^ ' - • — 

A therapeutically effective dose refers to that amount of active ingiedirat, for exairqple KPP 
or firagments thereof, antibodies of KPP, and agonists, antagonists or inhibits of KPP, which 
ameliorates the symptoms or condition. Therapeutic efficacy and toxicity may be determined by 
standard pharmaceutical procedures in cell cultures or with experimental animals, such as by 
calculatmg the ED50 (the dose therapeutically effective in 50% of the population) or LDjo (the dose 
lethal to 50% of the population) statistics. The dose ratio of toxic to therapeutic effects is the 
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tber^utic index, which can be exjuessed as the LD^/EDjo ratio. Compositioiis which exhibit laige 
therapeutic indices aie preferred. The data obtained fean ceU culture assays and animal studies are 
used to formulate a range of dosage for human use. The dosage contained in such compositions is " 
preferably witiiin a range of circulating concentrations tiiat includes the BD50 witii litde or no toxicity. 
5 The dosage varies within tiiis range depending upon tiie dosage form employed, the sensitivity of tfie 
patient, and the route of administration. 

The exact dosage wiU be determined by the practition^, in tight of fectors related to d» 
subject requiring treatment Dosage and administration are adjusted to provide sufficient levels of flie 
active moiety or to mamtain tiie desired effect Factors which may be taken into account include the 
10 severity of tiie disease state, tiie general healtii of tiie subject, tiie age. weight, and gender of tiie 
subject, time and fiequency of administration, drug combination(s). reaction sensitivities, and 
response to tiierapy. Long-acting compositions may be administered every 3 to 4 days, eve*y week. 
or biweekly depending on tiie half-life and clearance rate of tiie particular formulation. 

Normal dosage amounte may vary from about 0.1 /xg to 100,000 /zg, up to a total dose of 
15 about 1 gram, depending upon tiie route of administration. Guidance as to particular dosages and 
metiiods of deKvay is provided in tiie Uterature and generally available to practitioners in tiie art 
Those skiUed in tfie art will employ different formulations for nucleotides tiian for proteins or tiieir 
inhibitors. Similarly, delivery of polynucleotides or polypeptides wiU be specific to particular cells, 
ccmditions, locations, etc. 
20 DIAGNOSTICS 

In anotiier enfl)odimait, antibodies which specifically bind KPP may be used for tfie 
diagnosis of disorders characterized by expression of KH», or in assays to monitor patients being 
treated wifli KPP or agonists, antagcmists. or inhibitors of KPP. Antibodies useful for diagnostic 
purposes may be prepared in tiie same manner as described above for tfierapeutics. Diagnostic assays 
25 for KPP include metiiods which utilize tiie antibody and a label to detect KPP in human body fluids 
or in extracts of cdls or tissues. The antibodies may be used witfi or witiiout modification, and may 
be labeled by covalent or non-covalent attachment of a reporter molecule. A wide variety of reporter 
molecules, several of which are described above, are known in tiie art and may be used. 
. .. _ ^---A-variety of protocols for measuiteg-KPP; including El^ RIAs.~anaFACS. ^taovm in 
30 tiie art and provide a basis for diagnosing altered or abnormal levels of KPP expression. Normal or 
standard values for KPP expression are established by combining body fluids or ceU extracts taken 
fiom normal mammalian subjects, for example, human subjects, witfi antibodies to KPP under 
conditions suitable for complex formation. The amount of standard complex formation may be 
quantitated by various metiiods, such as photometric means. Quantities of KPP expressed in subject, 
control, and disease samples ftom biopsied tissues are compared witii tiie standard values. Deviation 
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between standard and subject values establishes the parameters for diagnosing disease. 

In another embodiment of the invention, polynucleoddes encoding KPP may be used for 
diagnostic purposes. The polynucleotides which may be used include oligonucleotides, 
conqplementary RNA and DNA molecules, and FNAs. The polynucleotides may be used to detect 
S and quantify ^e expression in biopsied tissues in which expression of KPP may be correlated widi 
disease. The diagnostic assay may be used to det^mine absence, presence, and excess expression of 
KPP, and to monitor regulation of KPP levels during therapeutic intervention. 

hi one aspect, hybridization with PGR probes which are capable of detecting polynucleotides, 
including genomic sequences, encoding KPP or closely related molecules may be used to identify 

10 nucleic acid sequences which encode KPP. The specificity of the probe, whether it is made from a 
highly specific region, e.g., the 5' regulatory region, or from a less specific region, e.g., a conserved 
motif, and the stringency of the hybridization or amplification will determine whether the probe 
identifies only naturally occurring sequences encoding KPP. allelic variants, or related sequences. 
Probes may also be used for the detection of related sequences, and may have at least 50% 

15 sequence identity to any of the KPP encoding sequences. The hybridization probes of the subject 
invention may be DNA or RNA and may be derived from the sequence of SEQ ID NO:2 or from 
genomic sequences including promoters, enhancers, and introns of the KPP gene. 

Means fOT producing specific hybridization probes for polynucleotides encoding KPP include 
the cloning of polynucleotides encoding KPP or KPP derivatives into vectors for the production of 

20 noRNA probes. Such vectors are known in the art, are commercially available, and may be used to 
synthesize RNA probes in vitro by means of the addition of the appropriate RNA polymerases and the 
appropriate labeled nucleotides. Hybridization probes may be labeled by a variety of reporter groups, 
for example, by radionuclides such as or ^^S, or by enzymatic Labels, such as alkaline phosphatase 
coupled to the probe via avidmA>iotin coupling systems, and the like. 

25 Polynucleotides encodmg KPP may be used for the diagnosis of disorders associated with 

expression of KPP. Exan^les of such disordera include, but are not limited to, a cardiovascular 
disease such as arteriovenous fistula, atherosclerosis, hypertension, vasculitis, Raynaud's disease, 
aneurysms, arterial dissections, varicose veins, Orombopldebitis and phlebothrombosis, vascular 
'tdmibts, aufid cooiqpiications of thrordbdlyisis, baUobh angioplasty, vascular replacement, and coronary 

30 arteiy bypass graft surgery, congestive heart failure, ischemic heart disease, anguia pectoris, 

myocardial infarction, hypertensive heart disease, degenerative valvular heart disease, calcific aortic 
valve stenosis, cor^enitally bicuspid aortic valve, mitral annular calcification, mitral valve prolapse, 
rheumatic fever and rheumatic heart disease, infective endocarditis, nonbacterial thrombotic 
endocarditis, CTdocarditis of systemic lupus erythematosus, carcinoid heart disease, cardiomyopathy, 

35 myocarditis, pericarditis, neoplastic heart disease, congenital heart disease, and complications of 
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cardiac transplantation, congenital lung anomalies, atelectasis, pulmonaiy congestion and edema, 
pnlmonaiy embolism, pulmonary hemonhage. polmonaty infarction, pulmonaiy hypertension, 
vascular sclerosis, obstructive pulmonary disease, restrictive pulmonary disease, chronic obstructive 
puhnonaiy disease, emphysema, chronic bronchitis, branchial asthma, bronchiectasis, bacterial 
5 pneumonia, viral and mycoplasmal pneumonia, lung abscess, pulmonary tuberculosis, diffuse 
interstitial diseases, pneumoconioses, sarcoidosis, idiopathic puhnonaiy fibrosis, desquamative 
interstitial pneumonitis, hypersensitivity pneumonitis, puhnonaiy eosmophiUa bronchiolitis 
obUterans-organizing pneumonia, diffuse puhnonaiy hemorrhage syndromes. Goodpasture^; 
syndromes, idiopatiiic pulmonary hemosiderosis, puhnonary involvement m ooUagen-vascufar 
10 disorders, puhnonary alveolar protemosis. lung tmnoi^. inflammatory and nonmflaimnatory pteural 
effusions, pneumofliorax. pleural tumors, drug-induced lung disease, ladiation^nduced luiig disease, 
and compKcations of lung transplantation; an immune system disorder such as acquired 
hnmunodeficiency syndrome (AIDS). Addison's disease, adult respiratory distress syndrome, 
allergies, ankylosing spondyUtis. amyloidosis, anemia, asflmia, atfierosclerosis. autoiimnune 
15 hemolytic anemia, autoimmune tfiyroiditis. autoumnune polyendocrinopathy-candidiasis-ectodermal 
dystrophy (APECED). bronchitis, cholecystitis, contact dermatitis. Crohn's disease, atopic dermatitis, 
dermatomyositis. diabetes mellitiis. emphysema, episodic lymphopenia witii lymphocytotoxins. 
eiythrobbstosis fetaHs. erythema nodosum, atrophic gastritis, glomerulonephritis. Goodpasture's 
syndrome, gout. Graves' disease. Hashimoto's fliyroiditis. hypereosinophilia, irritable bowel 
20 syndrome, multiple sclerosis, myastfienia gravis, myocardial or pericardial inflammation, 

osteoarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis. Reiter's syndrome, rhemnatoid 
arthritis, scletodenna. Sjogren's syndrome, systemic anaphylaxis, systemic lupus erythematosus, 
systemic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis. Wemer syndrome. 
compUcations of cancer, hemodialysis, and exiiacoipoieal circuktion. viral, bacterial, fungal. 
25 parasitic, protozoal, and hehnintinc mfections. and trauma; a neurological disorder such as epilepsy, 
ischemic cerohrovascutar disease, stroke, cerebral neoplasms. Alzhehner's disease. Pick's disease. 
Hmitington's disease, dementia. Parkmson's dteease and otiier extrapymmidal disorders, amyotrophic 
lateral sclerosis and otiier motor neuron disorders, progressive neural muscular atrophy, retinitis 
- -Pi8««ntosa,-hereditaiyiaaxiasrittuItipie«;l^^^ 

30 viral menuigitis.bram abscess, subdural empyema. eiMdural abscess, suppurative intrac^ 
ttttombophlebitis. myelitis and ladicuUtis. vhal central nervous system disease, prion diseases 
including kuru. Creutzfeldt-Jakob disease, and Gerstmami^tiaussler^chemker syndrome, fatal 
familial insomnia, nutritional and metabolic diseases of tf» nervous system, neurofibromatosis, 
tuberous sclerosis, cerebelloretinal hemangioblastomatosis. encephalotrigemmal syndrome, mental 

35 retardation and otiier developmental d»oiders of die central nervous system includmg Down 
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syndrome, cerebral palsy, neuroskeletal disorders, autonomic n^ons system disorders, cranial nerve 
disorders, spinal cord diseases, muscular dystrophy and other neuromuscular disorders, peripheral 
nervous system disorders, dermatomyositis and polymyositis, inhmted, metabolic, endocrine, and 
toxic myopathies, myasthenia gravis, periodic paralysis, mental disorders including mood, anxiety, 
and schizophrenic disorders, seasonal affective disorder (SAD), alcathesia, aimiesia, catatonia, 
diabetic neuropathy, tardive dyskinesia, dystonias, paranoid psychoses, postherpetic neuralgia, 
Tourette's disorder, progressive supranuclear palsy, corticobasal degeneration, and familial 
firontotemporal dementia; a disorder affecting growth and development such as actinic keratosis, 
arteriosclerosis, atherosclerosis, bursitis, cirrhosis, hepatitis, mixed connective tissue disease 
(MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, polycythemia vera, psoriasis, primary 
thronAocythemia, renal tubular acidosis, anemia, Gushing' s syndrome, achondroplastic dwarfism, 
Duchenne and Becker muscular dystrophy, epilepsy, gonadal dysgenesis, WAGR syndrome (Wilms* 
tumor, aniridia, genitourinary abnormalities, and mental retardation), Smith-Magenis syndrome, 
myelodysplastic syndrome, hereditary mucoepithelial dysplasia, hereditary keratodermas, hereditary 
neuropathies such as Charcot-Marie-TooUi disease and neurofibromatosis, hypothyroidism, 
hydrocephalus, seizure disorders such as Syndenham's chorea and cerebral palsy, spina bifida, 
anencephaly, craniorachischisis, congenital glaucoma, cataract, and sensorineural hearing loss; a lipid 
disorder such as fetty liver, cholestasis, primary biliary cirrhosis, carnitine deficiency, camitiaie 
palmitoyltransferase deficiency, myoadenylate deaminase deficiency, hypertriglyceridemia, lipid 
storage disorders such Fabry's disease, Gaucher's disease, Niemann-Pick's disease, metachromatic 
leukodystrophy, adrraoleukodystrophy, GM2 gangUosidosis. and ceroid lipofuscinosis, 
abetalipoproteinemia, Tangier disease, hyperlipoproteinemia, diabetes mellitus, lipodystrophy, 
lipomatoses, acute paimiculitis, dissemmated fat necrosis, adiposis dolorosa, lipoid adrenal 
hyperplasia, minimal change disease, lipomas, atherosclerosis, hypercholesterolemia, 
hypercholesterolemia with hypertriglyceridemia, primary hypoalphaHpoproteinemia, hypotiiyroidism, 
renal disease, liver disease, lecithinxholesterol acyltransferase deficiency, cerebrotendmous 
xanthomatosis, sitosterolemia, hypocholesterolemia, Tay-Sachs disease, SandhofTs disease, 
hyperlipidenna. hyperlipemia, lipd myopathies, and obesity; and a cell proliferative disonJer such as 
-actinic keratosis, arteriosclerosis, atherosclefdsTs; hepatiEs,inixed connective 

tissue disease (MCTD), myelofibrosis, paroxysmal nocturnal hemoglobinuria, polycyUiemia vera, 
psoriasis, primary thrombocythemia, and cancers including adenocarcmoma, leukemia, lymphoma, 
melanoma, myeloma, sarcoma, teratocarcinoma, and, in particular, cancers of the adrenal gland, 
bladder, bone, bone marrow, brain, breast, cervix, colon, gall bladder, ganglia, gastrointestinal tract, 
heart, kidney, liver, lung, muscle, ovary, pancreas, paratiiyroid, penis, prostate, salivary glands, skin, 
spleen, testis, thymus, tfiyroid, uterus, leukemias such as multiple myeloma, and lynq>homas such as 



68 



PF-I710P 

Hodgkin*s disease. Polynucleotides encoding KPP may be used in Southern or northCTn analysis, dot 
blot, or oAer membrane-based technologies; in PGR technologies; in dipstick, pin, and multiformat 
EUSA-like assays; and in microarrays utilizing fluids or tissues from patients to detect altered KPP 
expression. Such qualitative or quantitative methods are well known m the art 
5 hi a particular embodiment, polynucleotides encoding KPP may be used in assays that detect 

the presence of associated disorders, particularly those mentioned above. Polynucleotides 
conqjlementary to sequences encodmg KPP may be labeled by standaid methods and added to a fluid 
or tissue sample from a patient under conditions suitable for the formation of hybridization 
complexes. After^a suitable incubation period, the sample is washed and the signal is quantified and 
10 compared witii a standard value. If tiie amount of signal m the patient sample is significantly altered 
in conqjarison to a control sample tfien die presence of altered levels of polynucleotides encoding 
KPP m tfie sample indicates the presence of the associated disorder. Such assays may also be used to 
evaluate the efficacy of a particular therapeutic treatment regunen m animal studies, in clinical trials, 
or to monitor the treatment of an individual patient 
15 In order to provide a basis for the diagnosis of a disorder associated with expression of KPP. 

a normal or standard profile for expression is established. This may be acconqiHshed by combining 
body fluids or cell extracts taken from normal subjects, either animal or human, with a sequence, or a 
fragment thereof, encodmg KPP. under conditions suitable for hybridization or amplification. 
Standard hybridization may be quantified by comparing the values obtained from normal subjects 
20 witii values from an experiment m which a known amount of a substantially purified polynucleotide 
is used. Standard values obtained in this manner may be compared witfi values obtained from 
samples from patients who are symptomatic for a disorder. Deviation from standard values is used to 
establish the presence of a disorder. 

Once the presence of a disorder is established and a tteatment protocol is mitiated. 
hybridization assays may be repeated on a regular basis to detenmne if tfie level of expression m the 
patient begins to approximate fliat which is observed in tfie normal subject. The results obtained from 
successive assays may be used to show the efficacy of treatment over a period ranging from several 
days to months. 

- With respect focanccT^ the pfeience'of an abnormal amount of transcript (either under- or 
overexpressed) in biopsied tissue from an mdividual may indicate a predisposition for the 
development of ttie disease, or may provide a means for detecting the disease prior to the appearance 
of actual clinical symptoms. A more definitive diagnosis of tiiis type may allow healtti professionals 
to employ preventative measures or aggressive treatment earUer, tfiereby preventing tiie development 
or further progression of the cancer. 

Additional diagnostic uses for oligonucleotides designed from the sequences encoding KPP 
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may involve the ase of PGR. These oKgomere may be chemically syntfaesizBd. generated 
enzymatically. or produced in vitro. OUgomers wiU preferably contain a fragment of a polynucleotide 
encoding KPP. or a fragment of a polynucleotide complementary to the polynucleotide encoding 
KPP, and will be employed under optimized conditions for identification of a specific gene or 
5 condition. OUgomers may also be enq)loyed under less stringent conditions for detection or 
quantification of closely related DNA or RNA sequences. 

In a particular aspect, oligonucleotide primers derived fiom polynucleotides encoding KPP 
may be used to detect single nucleotide polymorphisms (SNPs). SNPs are substitutions, insertions 
and deletions that are a fi«quent cause of inherited or acqmred genetic disease in humans. Methods 
10 of SNP detection include, but are not limited to. single-stranded conformation polymoiphism (SSCP) 
and fluorescent SSCP (fSSCP) methods. In SSCP. oligonucleotide primers derived from 
polynucleotides encoding KPP are used to amplify DNA using the polymerase chain reaction (PGR). 
The DNA may be derived, fat exanaple. from diseased or normal tissue, biopsy samples, bodily fluids, 
and the like. SNPs in the DNA cause differences in the secondary and tertiary structures of PGR 
15 products in single-stianded foim. and these differences are detectable using gel electrophoresis in 
non-denaturing gels, in fSCCP, the oligonucleotide primers are fluorescentty labeled, which allows 
detection of the amplimers in high-throughput equipment such as DNA sequencing machines. 
AdditionaUy, sequence database analysis methods, termed in silico SNP (isSNP). are capable of 
identifymg polymorphisms by comparing the sequence of individual overlapping DNA fragments 
20 which assenoble hito a common consensus sequence. These computer-based methods filter out 
sequence variations due to labotatoiy preparation of DNA and sequencing enocs usuig statistical 
models and automated analyses of DNA sequence chromatc^gtams. In die alternative. SNPs may be 
detected and characterized by mass spectrometry ustog. for example, the high throughput 
MASS ARRAY system (Sequenom. fac, San IHego OA). 
25 SNPS may be used to swdy the genedc basis of human disease. For example, at least 16 

common SNPs have been associated with non-msuKn-dependent diabetes mellitus. SNPs are also 
useful for examining differences m disease outcomes in monogenic disorders, such as cystic fibrosis, 
sickle ceU anemia, or chronic granulomatous disease. For example, variants in Oie mannose-buiding 
^ Mtin,J^L2. have been shown to-be-coirelated^itlf deleterious piilmbnaf^ buteoi^ m cystic 
30 fibrosis. SNPs also have utUity in pharmacqgenomics. the identification of genetic variants that 

influence a patient's response to a drug, such as life-threatening toxicity. For example, a variation in 
N-acetyl transferase is associated with a high mcidence of peripheral neuropathy in response to the 
anti-tuberculosis drug isoniazid. while a variation ui the core promoter of die ALOXS gene results in 
dhnmished clinical response to treatment witii an anti-asthma drug tiiat targets ttie 5-lipoxygenase 
pathway. Analysis of tiie distribution of SNPs in different populations is usefrd for mvestigating 
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genetic drift, mutation, recombination, and selection, as well as for tracing the origins of populations 
and tfieir migrations (Taylor. LG. et al. (2001) Trends Mol. Med. 7:507-512; Kwok, P,-Y. and Z. Gu 
(1999) Mol. Med. Today 5:538-543; Nowotny, P. et al. (2001) Cuir. Opia. NeurobioL 11:637-641). 
Mfethods which may also be used to quantify the expression of KPP include ladiolabeling or 
5 biotinylatmg nucleotides, coamplification of a control nucleic acid, and mtopolating results from 
standard curves (Melby, P.C et al. (1993) J. ImmunoL M^ods 159:235-244; Duplaa, C. et al* (1993) 
Anal. Biochem. 212:229-236). The speed of quantitation of multiple sanqples may be accelerated by 
running the assay in a high-throughput format where the oligomer or polynucleotide of interest is 
presented in various dilutions and a spectrophotometric or colorimetric response gives rapid 
10 quantitation. 

Jn further embodiments, oligonucleotides or longer fragments derived from any of the 
pol3aiucleotides described herein may be used as elements on a microarray. The microarray can be 
used in transcript imaging techniques which monitor the relative expression levels of large numbers 
of genes simultaneously as described below. The microarray may also be used to identify genetic 

15 variants, mutations, and polymoiphisms. This infoimation may be used to detemune gene function, 
to understand the genetic basis of a disorder, to diagnose a disorder, to monitor 
progression/regression of disease as a frmction of gene expression, and to develop and monitor the 
activities of therapeutic agents in the treatment of disease. In particular, this information may be used 
to develop a pharmacogenomic profile of a patient in order to select the most appropriate and 

20 effective treatment regimen for that patient. For example, therapeutic agents which are highly 
effective and display the fewest side effects may be selected for a patient based on his/her 
pharmacogenomic profile. 

In another embodiment, KFP. fragments of KPP, or antibodies specific for KPP may be used 
as elements on a microarray. The microarray may be used to monitor or measure protein-protein 

25 interactions, drug-target interactions, and gene expression profiles, as described above. 

A particular embodiment relates to the use of the polynucleotides of the preset invention to 
generate a transcript image of a tissue or cell type. A transcript image represents the gilobal pattern of 
gerfe expression by a particular tissue or cell type. Global gene e^qxression patterns are analyzed by 

' 'quaiitiQiiiifthe nun^^ of expn^sed genes and i£eirrd^ve aSimdance under given conditions and at 

30 a given time (Seilhamer et al., '"Conqiarative Gene Transcript Analysis,** U.S. Patent No. 5,840,484; 
hereby expressly incorp(»ated by reference h^ein). Thus a transcript image may be generated by 
hybridizing the polynucleotides of the present invention or their complements to the totality of 
transcripts or reverse transcripts of a particular tissue or cell type. In one embodiment, the 
hybridization tates place in high-throughput format, wherein Uie polynucleotides of the present 

35 invention or their complements conq>rise a subset of a plurality of elements on a microarray. TTie 
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xBSultant transcript image would provide a profile of gene activity. 

Transcript images may be generated using transcripts isolated from tissues, cell lines, 
biopsies, or other biological sanq>les. The transcript image may thus reflect gene expression in vivo. 
as in the case of a tissue or biopsy sample, or in vitro, as in the case of a cell line. 
5 Transcript images which profile the expression of the polynucleotides of the present 

invention may also be used in conjunction with in vitro model systems and preclinical evaluation of 
pharmaceuticals, as well as toxicological testing of mdustrial and naturally-occurring environmental 
conqjounds. All conq>ounds induce characteristic gene expression patterns, fiequentiy tenned 
molecular fingerprints or toxicant signatures, which are indicative of mechanisms of action and 
10 toxicity (Nuwaysir, EJP. et al. (1999) Mol. Carcinog. 24:153-159; Steiner. S. and N.L. Anderson 
(2000) Toxicol. Lett. 112-113:467-471). If a test compound has a signature simUar to that of a 
conqjound with known toxicity, it is likely to share tiiose toxic properties. These fingeiprints or 
signatures are most useful and refined when they contain expression information from a large number 
of genes and gene families. Ideally, a genome-wide measurement of expression provides the highest 

15 quality signature. Even genes whose expression is not altered by any tested compounds are important 
as weU, as the levels of expression of these genes are used to normalize the rest of the expression 
data. The normalization procedure is useful for comparison of expression data after treatment with 
different compounds. While tfie assignment of gene function to elements of a toxicant signature aids 
in interpretation of toxicity mechanisms, knowledge of gene function is not necessary for the 

20 statistical matehing of signatures which leads to prediction of toxicity (see, for example. Press 

Release 00-02 from the National Institute of Environmental Healtii Sciences, released February 29, 
2000, available at http://www.niehs.nih.gov/oc/hews/toxchip,htm). Therefore, it is in^ortant and 
desuable m toxicological screenmg using toxicant signatures to include all expressed gene sequences, 
hi an embodiment, the toxicity of a test compound can be assessed by treating a biological 

25 sample containing nucleic acids with tfie test compound. Nucleic acids tfiat are expressed in flie 
treated biological sanq>le are hybridized witfi one or more probes specific to the polynucleotides of 
die present invention, so that transcript levels conespondmg to the polynucleotides of the present 
inventicm may be quantified. The transcript levels in the treated biological sample are compared with 
levels"in m imfiiated biMo^^ 

30 are mdicative of a toxic response caused by the test compound m die treated sample. 

Anoti^ embodunent relates to the use of tfie polypeptides disclosed herem to analyze flie 
proteome of a tissue or cell type. The term proteome refers to die global pattern of protem expression 
in a particular tissue or cell type. Each protem conq>onent of a proteome can be subjected 
individually to fiuther analysis. Proteome expression patterns, or profiles, are analyzed by 

35 quantifying tfie number of expressed proteins and tfieir relative abundance under given conditions and 
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at a ^ven time. A profile of a ceU's proteome may thus be generated by separating and analy2ang the 
polypeptides of a particular tissue or ceU type. In one embodiment, the separation is achieved using 
two-dunensional gel electrophoresis, in which proteins fiom a sample aie separated by isoelectric ' 
focusing in the first dimension, and tbsn according to molecular weight by sodium dodecyl sul&te 
5 slab gel electrophoresis in the second dimension (Sterner and Anderson, siq>m). The protdns ate 
visualized in the gel as discrete and uniquely positioned spots. typicaUy by staining the gel with an 
agent such as Coomassie Blue or silver or fluorescent stains. The optical density of each protein spot 
is generally proportional to the level of the protein in the sample. The optical densities of 
equivalendy positioned protein spots fiom different samples, for example, fiom biological samples 

10 either treated or untreated with a test compound or therapeutic agent, are conqiared to identify any 
changes in protem spot density related to the treatment The proteins in the spots are partially 
sequenced using, for example, standard methods employing chemical or enzymatic cleavage followed 
by mass spectrometry. The identity of the protein in a spot may be determined by comparing its 
partial sequence, preferably of at least 5 contiguous amino acid residues, to die polypeptide sequences 

15 of interest In some cases, further sequence dato may be obtained for definitive protein identification. 

A proteomic profile may also be generated using antibodies specific for KPP to quantify Uie 
levels of KFP <»qn<6ssion. In one embodiment die antibodies are used as elements on a microairay. 
and protem expression levels are quantified by contacting die microarray witii die sample and 
detecting tbs levels of protefai bound to each array element (Lueking, A. et al. (1999) Anal. Biochem. 

20 270:103-111; Mendoize, L.G. et al. (1999) Biotechniques 27:778-788). Detection may be perfonned 
by a variety of mediods known in die art, for example, by reacting die proteins in die sample with a 
driol- or amino-reactive fluorescent compound and detecting die amount of fluorescence bound at 
each anay element 

Toxicant signatures at the proteome level are also useful for toxicological screening, and 
25 should be analyzed in paraUel widi toxicant signatures at die transcript level. There is a poor 

conelation between transcript and protem abundances for some proteins in some tissues (Anderson, 
Ni. and J. Seilhamer (1997) Electrophoresis 18:533-537). so proteome toxicant signatiires may be 
useful in die analysis of compounds which do not dgnificandy affect die transcript image, but which 
- - alter^die pnrteomicTirofile. ln-additi«ii, die^^ difl&ul't, d^ to 

0 rapid degradation of mRNA. so proteomic profilmgmay be moret«Uable and informative in such 



cases. 



to anodier embodhnrait die toxicity of a test compound is assessed by treating a biological 
sample containing proteins widi the test compound. Ptoteuis diat are expressed in die treated 
biological sample are separated so diat die amount of each protein can be quantified. The amount of 
5 each protein is compared to die amount of die conespondmg protein in an untreated biological 
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saiqple. A Afference in the amount of protein between the two sanqples is indicative of a toxic 
response to the test compound in the treated sample. Individual proteins are identified by sequencing 
the amino acid residues of the individual proteins and conq)aring these partial sequences to the 
polypeptides of the present invention. 
5 fii another embodiment, the toxicity of a test compound is assessed by treating a biological 

sample contaming proteins with the test compound. Proteins from the biological sample aie 
incubated with antibodies specific to the polypeptides of the present invention. The amount of 
protein recognized by the antibodies is quantified. The amount of protein in the treated biological 
sanq)le is compared with the amount in an untreated biological sample. A difference in the amount of 
10 protein between the two sanq^les is indicative of a toxic response to the test compound in the treated 
sany^le. 

NGcroarrays may be prepared, used, and analyzed using methods known in the art (Brennan» 
T.M. et aL (1995) U.S. Patent No. 5.474,796; Schena, M. et al. (1996) Proc. Natl. Acad. Sci. USA 
93:10614-10619; Baldeschweiler et al (1995) PCT appKcation W095/25116; Shalon, D. et al. (1995) 

15 PCT appUcation WO95/35505; HeUer, R.A. et al. (1997) Proc. Natl. Acad. Sci. USA 94:2150-2155; 
Heller, M.J. et al. (1997) U.S. Patent No. 5,605,662). Various types of microarrays are well known 
and thoroughly described in Schena, M., ed. (1999; DNA Microarravs: A Practical Approach. Oxford 
University Press, London). 

In another embodiment of the invention, nucleic acid sequences encoding KPP may be used 

20 to generate hybridization probes useful in mapping the naturally occurring genomic sequence. Bither 
coding or noncoding sequences may be used, and in some instances, noncoding sequences may be 
preferable over codmg sequences. For example, conservation of a coding sequence among members 
of a multi-gene family may potentially cause undesired cross hybridization during chromosomal 
mapping. The sequences may be mapped to a particular chromosomte, to a specific region of a 

25 chromosome, or to artificial chromosome constructions, e,g., human artificial chromosomes (HACs), 
yeast artificial chromosomes (YACs), bacterial artificial chromosomes (BACs), bacterial PI 
constructions, or single chromosome cDNA libraries (Harrington, JJ. et al. (1997) Nat. Genet 
15:345-355; Price. CM. (1993) Blood Rev. 7:127-134; Trask. B.J. (1991) Trends Genet. 7:149-154). 
'^Once ihaj^^ed, tfie nucleic acid sequ^ces may be used to develop genetic Ihikage maps, for example, 

30 which correlate the inheritance of a disease state with the inheritance of a particular chromosome 
region or restriction firagroient lengtii polymorphism (RELP) (Lander, E.S. and D. Botstein (1986) 
ftoc. Nafl. Acad. Sci. USA 83:7353-7357). 

Fluorescent in situ hybridization (FKH) may be correlated with other physical and ^netic 
map data (Heinz-Ulrich, et al. (1995) in Meyers, supra, pp. 965-968). Examples of genetic map data 

35 can be found in various scientific journals or at the Online Mendelian Inheritance in Man (OMIM) 
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World Wide Web site. Coitelation between the location of the gene encoding KPP on a physical map 
and a specific disorder, or a predisposition to a specific disoider. may help define the region of DNA 
associated with that disorder and thus may fiirther positional cloning efforts. 

In situ hybridization of chromosomal preparations and physical mapping techniques, such as 
linkage analysis using established chromosomal markers, may be used for extending genetic maps. 
Often the placement of a gene on the chromosome of another mammalian species, such as mouse, 
may reveal associated markers even if die exact chromosomal locus is not known. This infonnatton 
is valuable to investigators searching for disease genes using positional clonmg or other gene 
discovery techniques. Once the gene or genes responsible for a disease or syndrome have been 
crudely localized by genetic linkage to a particular genomic region. e.g.. ataxia-telangiectasia to 
llq22-23, any sequences mapping to that area may represent associated or regulatory genes for 
fiirther investigation (Gatti. R.A. et al. (1988) Nature 336:577-580). The nucleotide sequence of tiie 
instant invention may also be used to detect diferences in die chromosomal location due to 
translocation, mversion. etc., among normal, earner, or affected individuals. 

lii another embodiment of tiie invention. KPP, its catalytic or immunogenic fragments, or 
oligopeptides tiiereof can be used for screening Ubraries of compounds in any of a variety of drug 
screening techniques. The fiagment employed m such screening may be fiee in solution, affixed to a 
solid support, borne on a ceU surfiice. or located intraceUularly. The formation of binding complexes 
between KPP and the agaat being tested may be measured. 

Another technique for drag screening provides for high tiiroughput screening of compounds 
having suitable binding affinity to die protem of interest (CJeysen. et al. (1984) PCT application 
WO84y03564). lii tiiis metiiod, laig^ numbers of different small test compounds are synthesized on a 
solid substrate. The test compounds are reacted witii KPP. or fiagments thereof, and washed. Bound 
KPP is tiien detected by mettiods weU known m tiie art. Purified KPP can also be coated directiy onto 
plates for use in tiie aforementioned drag screening techniques. Alternatively, non-neutralizing 
antibodies can be used to capture ttie peptide and immobilize it on a soUd support 

In another embodiment, one may use competitive drag screening assays in which neutralizing 
antibodies capable of bmding KPP specificaUy compete witii a test compound for binding KPP. In 
-tins mamier,-antibodies-cairbe tfssl tolleWWpie^^ 
antigenic determinants witii KPP. 

In additional embodiments, tiie nucleotide sequences which encode KPP may be used in any 
molecular biology techniques tiiat have yet to be developed, provided tiie new techniques rely on 
properties of nucleotide sequences tiiat are cuirentiy known, including, but not limited ta, such 
properties as tiie triplet genetic code and specific base pair mteractions. 

Witiiout fiirther elaboration, it is beUeved tiiat one skilled m die art can, using tiie precedhig 
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description, utilize the present invention to its fiillest extent The following embodimmts aie, 
therefore, to be construed as merely illustrative, and not limitative of the remainder of the disclosure 
in any way whatsoever. 

The disclosures of all patents, applications and publications, mentioned above and below, are 
5 expressly incorporated by reference herein. 

EXAMPLES 

L Construction of cDNA libraries 

Incyte cDNAs are derived finom cDNA libraries described in the IJFBSEQ database (Incyte, 

10 Palo Alto CA). Some tissues are homogenized and lysed in guanidinium isothiocyanate, while others 
are homogenized and lysed in phenol or in a suitable mixture of denaturants, such as TREOL 
(Ihvitrogen), a monophasic solution of phenol and guanidine isothiocyanate. The resulting lysates are 
centrifiiged over CsCl cushions or extracted with chloroform. RNA is precipitated from the lysates 
with either isopropanol or sodium acetate and ethanol, or by other routine methods. 

15 Phenol extraction and precipitation of RNA are repeated as necessary to increase RNA purity. 

In some cases, RNA is treated with DNase. For most libraries, poly(A)+ RNA is isolated using oligo 
d(T><:oupled paramagnetic particles (Promega), OUGOTEX latex particles (QIAGEN, Chatsworth 
CA), or an OLIGOTEX mRNA purification kit (QIAGEN). Alternatively, RNA is isolated directly 
from tissue lysates using other RNA isolation kits, e.g., the POLY(A)PURE mRNA purification kit 

20 (Ambion, Austin TX). 

In some cases, Stratagene is provided with RNA and constructs the corresponding cDNA 
libraries. Otherwise, cDNA is synthesized and cDNA libraries are constructed with the UNIZAP 
vector system (Stratagene) or SUPERSCRIPT plasmid system (Invitrogen), usmg the recommended 
procedures or sinular methods known in the art (Ausubel et al., supra^ ch. 5). Reverse transcription is 

25 initiated using oligo d(T) or random primers. Synthetic oligonucleotide adapters are ligated to double 
stranded cDNA, and the cDNA is digested with the appropriate restriction enzyme or enzymes. For 
most libraries, the cDNA is size-selected (300-1000 bp) using SEmACRYL SIOOO, £^HAROSE 
CLXB^ or SEPHAROSB CL4B column chromatography (Amersham Biosciences) or prepamtive 
'aj^eiro&'gel electfc^fi6]^»^ enzyme sites of tte 

30 polylinker of a suitable plasmid, e.g., PBLUESCRIPT plasmid (Stratagene), PSPORTl plasmid 

(Invitrogen, Carlsbad CA). PC33NA2.1 plasmid (Invitrogen), PBK-CMV piasnud (Stratagene), PCR2- 
TOPOTA piasnud (Invitrogen), PCMV-IQS plasmid (Stratagene), pIGEN (Incyte, Palo Alto CA), 
pRARE (hicyte), or pINCY (Incyte), or derivatives thereof. Recombinant plasmids are transformed 
into conq>etent E. coli cells including XLl-Blue, XLl-BlueMRF, or SOLR from Stratagene or DHSa. 

35 DHIOB, or ElectroMAX DHIOB from Invitrogen. 
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n. Isolation of cDNAOones 

Plasmids obtained as described in Example I are recovered ftom host cells l»y in vivo excision 
using the UNEAP vectoi system (Stratagene) or by ceU lysis. Plasmids are purified using at least 
one of the foUowing: a Magic or WIZARD Minipreps DNA purification system (Ptamega); an AGTC 
Miniprep purification kit (Edge Biosystems, Gaitheisbug MD); and QIAWELL 8 Plasmid. 
QIAWELL 8 Plus Plasmid, QIAWELL 8 Ultra Plasmid purification systems or the ILE.AX. PREP 96 
plasmid purification kit firom QIAGEN. FoUowing precipitation, plasmids are resuspended in 0.1 ml 
of distilled water and stored, with or without lyophilization, at 4''C 

Alternatively, plasmid DNA is amplified firom host ceU lysates usmg direct Imk PGR in a 
high-diroughput format (Rao. V.B. (1994) Anal. Biochem. 216:1-14). Host cell lysis and thermal 
cyclmg steps are carried out in a suigle reaction mixture. Samples are processed and stored in 384- 
well plates, and the concentration of amplified plasmid DNA is quantified fluorometrically usmg 
PICOGREEN dye (Molecular Probes. Eugene OR) and a ELUOROSKAN D fluorescence scanner 
O^bsystems Oy. Helsinki, Finland), 
m. Sequencing and Analysis 

Incyte cDNA recovered in plasmids as described ui Example U are sequenced as foUows. 
Sequencing reactions are processed using standard methods or high-throughput instrumentation such 
as the ABI CATALYST 800 (AppUed Biosystems) thermal cycler or the PTC-200 thermal cycler (MJ 
Research) in conjunction witii tiie HYDRA microdispenser (Robbins Scientific) or tiie MICROLAB 
2200 (Hanrilton) Uqnid transfer system. cDNA sequencing reactions are prepared usmg reagents 
provided by Amersham Biosciences or supplied in ABI sequencing kits such as tiie ABI PRISM 
BIGDYE Tennmator cycle sequencing ready reaction kit (Applied Biosystems). Electrophoretic 
separation of cDNA seqnenchig reactions and detection of labeled polynucleotides are carried out 
usmg tiie MEGABACE 1000 DNA sequencmg system (Amersham Biosciences); tiie ABI PRISM 373 
or 377 sequencmg system (Applied Biosystems) m conjunction witii standard ABI protocols and base 
calling software; or otiier sequence analysis systems known in tiie art. Reading frames witiiin tfie 
cDNA sequences are identified usmg standard metiiods (Ausubel et al.. supra, ch. 7). Some of die 
cDNA sequences are selected for extension usmg die techniques disclosed m Example VUL 

" " P6lp«aeotide"i«quigMi 5irivSi1&^l£:^te^NAjr^^ vector. 
Bnker. and poly(A) sequences and by masking ambiguous bases, using algorithms and programs 
based on BLAST, dynamic programming, and dinucleotide nearest neighbor analysis. The Ihcyte 
cDNA sequences or translations thereof are tiien queried against a selection of pubUc databases such 
as die GcaiBank primate, rodent, mammaUan. vertebrate, and eukaryote databases, and BLOCKS. 
PRINTS. DOMO. PRODOM; PROTEOME databases witii sequences from Hanu, sapiens, RatL 
norvegicus. Mm musculus, CaenorhabdUis elegans, Sacdmromyces cerevisiae. Schizffsaccharomyces 
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pombe, and Candida albicans (Incyte, Palo Alto CA); hidden Mailcov model (HMM)-based protein 
family databases such as PFAM, INCY, and TIGRFAM (Haft, D JL et at (2001) Nucleic Acids Res. 
29:41-43); and HMM-based protein domain databases such as SMART (Schultz, J. et al. (1998) Ptoc. 
Nad. Acad. Sci. USA 95:5857-5864; Letunic, L et al. (2002) Nucleic Acids Res. 30:242-244). 
5 (HMM is a probabUistic approach which analyzes consensus primary structures of gene families; see. 
for example, Eddy. S.R. (1996) Curr. Opin. Struct Biol. 6:361-365.) The queries are performed 
using programs based on BLAST. FASTA, BLIMPS, and HMMER. The Incyte cDNA sequences are 
assembled to produce full length polynucleotide sequences. Alternatively. GcaiBank cDNAs. 
GenBank ESTs, stitched sequences, stretched sequences, or Genscan-predicted coding sequences (see 
10 Examples IV and V) are used to extend Incyte cDNA assemblages to faU length. Assembly is 

performed using programs based on Phred. Phrap, and Consed, and cDNA assemblages are screened 
for open reading frames using programs based on GeneMark. BLAST, and FASTA. The fiiU loigth 
polynucleotide sequences are translated to derive the corresponding fuU length polypeptide 
sequences. Alternatively, a polypeptide may begin at any of the methionine residues of the full length 
15 tnmslated polypeptide. Full lengtii polypeptide sequences are subsequentiy analyzed by querying 
agam^ databases such as the GenBank protein databases (genpept). SwissProt. the PROTEOME 
databases. BLOCKS, PRINTS, DOMO, PRODOM, Prosite, hidden Markov model (HMM)-based 
protein fiumly databases such as PFAM. INCY. and TIGRFAM; and HMM-based protem domam 
databases such as SMART. FuU lengtii polynucleotide sequences are also analyzed using 
MACDNASIS PRO software (MiraiBio. Alameda CA) and LASERGENE software (DNASTAR). 
Pblynucleotide and polypeptide sequence alignments are generated using default parametere specified 
by the CLUSTAL algorithm as incorporated into the MBGAUGN multisequence alignment program 
(DNASTAR), which also calculates tiie pncent idmtity between aligned sequences. 

Table 5 summarizes tools, pmgcaMas. and algoritiuns used for tiie analysis and assembly of 
25 Incyte cDNA and fiiU length sequences and provides appUcable descriptions, references, and 

threshold parameters. The first column of Table 5 shows the tools, programs, and algorithms used, 
tiie second column provides brief descriptions thereof, the third column presents appropriate 
references. aU of which are mcorporated by reference haem m tfieff entirety, and the fourth column 
presents; where-appK*able.The'rebrei;pro6aSfitr^ and"6ther parameters used' to'evsduate the 
strength of a match between two sequences (tiie higher the score or die lower the probability value, 
the greater the identity between two sequraoces). 

The programs described above for tiie ass^ly and analysis of fiill lengtii polynucleotide 
and polypeptide sequences are also used to identify polynucleotide sequence fiagments from SEQ ID 
NO:2. Fragments from about 20 to about 4000 nucleotides which are usefiil in hybridization and 
35 amplification technologies are described in Table 4. column 2. 
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IV. Identification and Editing of CocBng Sequences firomGcuomicDNA 

Putative kinases and phospliatases are initiaUy identified Ijy nmning tiw Ooiscan gene 
identification program against public goicnuc sequoice databases (e.g., gbpri and gblitg). Genscan is 
a general-puipose gene identification program which analyzes goiomic DNA sequences fiom a 
variety of organisms (Buige. C and S. Karlin (1997) J. Mol. Biol. 268:78-94; Binge. C. and S. Karlin 
(1998) Curr. Opin. Struct BioL 8:346-354). The program concatenates predicted exons to form an 
assembled cDNA sequence extending from a metiiionine to a stop codon. The output of Genscan is a 
PASTA database of polynucleotide and polypeptide sequences. The maximum range of sequence for 
Genscan to analyze at once is set to 30 kb. To determine which of tiiese Genscan predicted cDNA 
sequences encode kinases and phosphatases, tiie encoded polypeptides are analyzed by querying 
against PFAM models for kinases and phosphatases. Potential kinases and phosphatases are also 
identified by homology to Incyte cDNA sequences that have been annotated as kinases and 
phosphatases. These selected Genscan-predicted sequences are tiien compared by BLAST analysis to 
flie genpept and gbpri pubUc databases. Where necessary, tiie Genscan-predicted sequences are then 
edited by comparison to tiie top BLAST hit from genpept to correct errors in tiie sequence predicted 
by Genscan, such as extra or omitted exons. BLAST analysis is also used to find any Ihcyte cDNA or 
pubUc cDNA coverage of tiie Genscan-predicted sequences, tiius providing evidence for transcription. 
When Bicyte cDNA coverage is avaUable. tfiis information is used to correct or confirm tiie Genscan 
predicted sequence. Rill length polynucleotide sequences are obtained by assembling Genscan- 
predicted coding sequences witfi Incyte cDNA sequences and/or public cDNA sequences using tiie 
assembly process described in Example HL Alternatively, full lengtii polynucleotide sequences are 
derived entirely from edited or unedited Genscan-predicted codmg sequences. 
V. Assembly of Genomic Sequence Data vrith cDNA Sequence Data 
"Stttchftd" Seomences 

Partial cDNA sequmces are ext^ided witii exons predicted by tiie Genscan gene 
identification program described in Example IV. Partial cDNAs assembled as described in Example 
m are mapped to genomic DNA and parsed into clusters containing related cDNAs and Genscan exon 
predictions from one or more genomic sequences. Each cluster is analyzed using an algoritimi based 
■dn gifaprflieofyiiiaayr^^ 

possible splice variants tiiat are subsequently confirmed, edited, or extended to create a fiiu length 
sequence. Sequence int»vals in which tiie entire lengtii of the interval is present on more tiian one 
sequence in ttie cluster are identified, and uitervals tims identified are considered to be equivalent by 
transitivity. For example, if an interval is present on a cDNA and two genomic sequences, tiien all 
three intervals are considered to be equivalent. This process allows unrelated but consecutive 
genomic sequences to be brought together, bridged by cDNA sequence. Intervals tiius identified are 
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then "stitched" together by the stitching algoridun in the oider that they appear along their parent 
sequences to generate the longest possible sequence, as weU as sequence variants. Linkages between 
intervals which proceed along one type of parent sequence (cDNA to cDNA or genomic sequence to 
genomic sequence) are given preference over linkages which change parent type (cDNA to genomic 
sequence). The resultant stitched sequences are translated and compared by BLAST analysis to the 
genpept and gbpri pubHc databases. Incorrect exons predicted by Genscan are coirected by 
comparison to the top BLAST hit fiom genpept. Sequences are further extended with additiomd 
cDNA sequences, or by inspection of gnomic DMA, when necessaiy. 
'^?tretchcd" Scqnences 

Partial DNA sequences are extended to full length witii an algoritiun based on BLAST 
analysis. First, partial cDNAs assembled as described in Example ffl are queried against public 
databases such as tfie GenBank primate, rodent, mammalian, vertebrate, and eukaryote databases 
usmg the BLAST program. The nearest GenBank protein homolog is tiien compared by BLAST 
analysis to either Ihcyte cDNA sequences or GenScan exon predicted sequences described in 
Example IV. A chimeric protein is generated by using the resultant high-scoring segment pairs 
(HSPs) to map the translated sequences onto flie GenBank protein homolog. Insertions or deletions 
may occur in the cMmeric protein witt, respect to the origmal GenBank protein homolog. The 
GenBank piotein homolog. the chimeric protein, or both are used as probes to search for homologous 
genomic sequences fiom the pubUc human genome databases. Partial DNA sequences are tiierefore 
"stretched" or extended by die addition of hornologous genomic sequences. The resultant stretched 
sequences are examined to determine whether they contam a complete gene. 
VL Chromosomal Mapping of KPP Encoding Polynucleotides 

The sequences used to assemble SEQ ID NO:2 are compared wid, sequences from the Incyle 
UFESBQ database and public domain databases using BLAST and oflier implementations of ibe 
Smith-Watemian algoriflmi. Sequences from tiiese databases tiiat matched SEQ ID NO:2 are 
assembled into clusters of contiguous and overlapping sequences usii^g assembly algoritfmis such as 
Phrap (Table 5). Radiation hybrid and genetic mapping data available fiom pubBc resources such as 
the Stanfi)rd Human Genome Cfcnier (SHGC), Whitehead Institute for Genome Reseairh (WIGR). 
andQ€n6lhon^areused tb-det^mine-irany^^^ 

Inclusion of a mapped sequence in a cluster results in tfie assigmnent of all sequences of that cluster, 
mcluding its particular SEQ ID NO:, to tiiat map location. 

Map locations are represented by ranges, or mtervals. of human chromosomes. The map 
position of an mterval. m centiMorgans. is measured relative to the terminus of tire chromosome's p- 
ami. (The centiMorgan (cM) is a unit of measurement based on recombination fiequencies between 
chromosomal markers. On average. 1 cM is roughly equivalent to 1 megabase (Mb) of DNA in 
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' humaiis,aIthoQghtfaiscanva]y widely due to hot and cold spots of lecom ThecM 
distances are based on genetic maikers maiq)ed by G6n6thon which provide boundaries for ladiation 
hybrid maricers whose sequences were included in each of the clusters. Human gmoiao maps and 
other resources available to the public, such as the NCBI "GeneMap'99" World Wide Web site 
5 (http://www.ncbi.nlnLnih.gov/geneniap/). can be enq>loyed to detennine if previously identified 
disease genes map within or in proximity to the intervals indicated above. 
Vn. Analysis of Polynucleotide Expression 

Northern analysis is a laboratory technique used to detect the presence of a transcript of a 
gene and involves the hybridization of a labeled nucleotide sequence to a membrane on which RNAs 
10 ftom a particular cell type or tissue have been bound (Sambrook and Russell, supra, ch. 7; Ausubel et 
al., f i^ra, ch. 4). 

Analogous computer techniques applying BLAST are used to search for identical or related 
molecules in databases such as GenBank or LIFESEQ (Incyte). This analysis is much faster than 
multiple membrane-based hybridizations. In addition, the sensitivity of the conq;>uter search can be 
15 modified to detennine whether any particular match is categorized as exact or similar. The basis of 
the search is the product score, which is defined as: 

BLAST Score x Percent Identity 

5 X minimum {length(Seq. 1), length(Seq. 2)} 

20 

The product score takes into account both the degree of similarity between two sequences and the 
lengdi of the sequence match. The product score is a normalized value between 0 and 100. and is 
calculated as follows: ttie BLAST score is multiplied by the percent nucleotide identity and th& 
product is divided by (5 tunes the length of the shorter of the two sequences). The BLAST score is 

25 calculated by assignuig a score of +5 for every base that matches m a high-scoring segment pair 
(HSP), and -4 for every mismatch. Two sequences may share more than one HSP (separated by 
^ps). If there is more than one HSP, then the pair with the highest BLAST score is used to calculate 
the product score. The product score represents a balance between fiactional overlap and quality in a 

" " BCSST aligimieht *Forexanq[>le, a product scene of io6 is produced only for 100% identity over die 

30 entire length of the shorter of the two sequences being conq>ared. A product score of 70 is produced 
either by 100% identity and 70% overlap at one end, or by 88% identity and 100% overlap at the 
other. A product score of 50 is produced either by 100% identity and 50% overlap at one end, or 79% 
identity and 100% overlap. 

Alternatively, polynucleotides encoding KPP are analyzed with respect to the tissue sources 

35 fiom which they are derived. For example, some fiill lengtii sequences are assembled, at least m part, 
witii overiapping Incyte cDNA sequences (see Example ID). Each cDNA sequence is derived from a 
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cDNA Ubraiy constnicted ftom a human tissue. Each human tissue is classified into one of the 
foUowing organ/tissue categpries: cardiovascular system; connective tissue; digestive system; 
embryonic structures; endocrine system; exocrine glands; genitalia, female; genitalia, male; germ 
cells; hemic and immune system; Uver. musculoskeletal system; nervous system; pancreas; 
respiratory system; sense organs; skin; stomatognathic system; unclassified/mixed; or urinary tract. 
The number of Ubraries in each category is counted and divided by tbs total number of libraries 
across aU categories. Similarly, each human tissue is classified mto one of the following 
disease/condition categories: cancer. ceU line, developmental, inflammation, neurological, trauma, 
cardiovascular, pooled, and other, and the number of libraries in each category is counted and divided 
by the total nuinber of Kbraries across aU categories. The resulting percentages reflect the tissue- and 
disease-specific expression of cDNA encoding KPP. cDNA sequences and cDNA Ubraiy/tissue 
infoimation are found in the UFESEQ database (Incyte, Palo Alto CA). 
Vffl. 



Fttll lengtii polynucleotides are produced by extension of an appropriate fiagment of tiie full 
length molecute using oligonucleotide primers designed ftom this fragment One primer is 
synthesized to initiate 5* extension of flie known fragment, and tiie otiier primer is syntiiesized to 
initiate 3* extension of the known fragment The initial primers are designed using OUGO 4.06 
software (National Biosciences), or another impropriate program, to be about 22 to 30 nucleotides in 
length, to have a C5C content of about 50% or more, and to anneal to the target sequence at 
temperatures of about 68»C to about 72»C. Any stretch of nucleotides which would result in hairpin 
structures and primer-prim^ dimetizaticms is avcnded. 

Selected human cDNA Ubraries are used to extend the sequence. If more than one extension 
is necessary or desired, additional or nested sets of primen are designed. 

High fideUty amplification is obtained by PGR using metiiods weU known in tiie art. PGR is 
performed in 96-well plates using the PTC-200 tiiermal cycler (MJ Research. Inc.). The reaction mix 
contains DNA template. 200 nmol of each primer, reaction buffer contaming Mg^. (NHJ^O^. and 2- 
mercaptoethanol. Taq DNA polymerase (Ameisham Biosciences), ELONGASB enzyme (Ihvitiogen). 
and Pfu DNA polymerase (Stratagene), with tiie fbUowing parameters for primer pair PQ A and PQ 
£: Step.l: 94.»C.-3-min;-Step-2-94«'e, 15 sec;-Step-3r^0-CnifiihT1Sl^^^ Tniln; Step5: Steps 
2, 3. and 4 repeated 20 times; Step 6: 68-C, 5 min; Step 7: storage at 4-C. In tiie alternative, tiie 
parameters for primer pair T7 and SK+ are as follows: Step 1: 94"C. 3 min; Step 2: 94-C. 15 sec; 
Step 3: 57°C, 1 mm; Step 4: 68-C, 2 min; Step 5: Steps 2, 3, and 4 repeated 20 times; Step 6: 68-C. 5 
min; Step 7: storage at 4'C. 

The concentration of DNA in each well is determined by dispensing 100 /*1 nCOGREEN 
quantitation reagent (0.25% (v/v) PICOGREEN; Molecular Probes, Eugene OR) dissolved in IX TE 
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and O.S pA of undiluted PCR product into each well of an opaque fluorimeter plate (Condng Costar, 
Acton MA), allowing the DNA to bind to the reagent. Hie plate is scanned in a Fluoroskan n 
(Labsysiems Oy, Helsinki, Finland) to measure the fluorescence of the sanq>le and to quantify the 
concentration of DNA, A 5 a^I to 10 fil aliquot of the reaction mixture is analyzed by electrophoresis 
5 on a 1 % agarose gel to determine which reactions are successful in extending the sequence. 

The extended nucleotides are desalted and concentrated, transferred to 384-well plates, 
digested with CviJI cholera virus endonuclease (Molecular Biology Research, Madison WI), and 
sonicated or sheared prior to religation into pUC 18 vector (Amersham Biosciences). For shotgun 
sequencing, the digested nucleotides are separated on low concentration (0.6 to 0.8%) agarose gels, 

10 fragments are excised, and agar digested with Agar AC:e (Promega). Extended clones are religated 
usmg T4 ligase (New England Biolabs, Beverly MA) into pUC 18 vector (Amersham Biosciences), 
treated with Pfu DNA polymerase (Stratagene) to fill-in restriction site overhangs, and transfected 
into competent K coli cells. Transformed cells are selected on antibiotic-containing media, and 
individual colonies are picked and cultured overnight at 3TC in 384-well plates in LB/2x carb liquid 

15 media. 

The cells are lysed, and DNA is amplified by PCR using Taq DNA polymerase (Amersham 
Biosciences) and Pfti DNA polymerase (Stratagene) with the following parameters: Step 1: 94*'C, 3 
min; Step 2: 94°C, 15 sec; Step 3: 60**C, 1 min; Step 4: 72'C, 2 min; Step 5: steps 2, 3, and 4 
rq)eated 29 times; Step 6: 72"C, 5 min; Step 7: storage at 4*'C. DNA is quantified by PICOGREEN 

20 reagent (Molecular Probes) as described above. Samples with low DNA lecoveries are reamplified 
using the same conditions as described above. Samples are diluted with 20% dimethysulfoxide (1:2, 
v/v), and sequenced using DYENAMIC energy transfer sequencing primers and the DYENAMIC 
DIRECT kit (Amersham Biosciences) or the ABI PRISM BIGDYE Terminator cycle sequencing 
ready reaction kit (Applied Biosystems). 

25 In lite manner, full length polynucleotides are verified using the above procedure or are used 

to obtain 5' regulatory sequences usuig the above procedure along with oligonucleotides designed for 
such extension, and an appropriate genomic library. 

n. Identification of Single Nucleotide Polymotphisms in KPP Encoding Polynucleotides 

. CtommonDNATsep^nSe'vffiaif^ 

30 identified in SEQ ID NO:2 using the LIFESEQ database (Incyte). Sequences fiom the same gene aie 
clustered together and assmibled as described in Example HI. allowing the identification of all 
sequence variants in the gene. An algorithm consisting of a series of filters is used to distinguish 
SNPs firom other sequence variants. Pteliminary filters remove the majority of basecall errors by 
requuing a minimum Phred quality score of 15, and remove sequence alignment errors and errors 

35 resulting from improper trimmmg of vector sequences, chimeras, and splice variants. An automated 
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procedure of advanced chromosome analysis is appUed to the original chromatogram files in tfie 
vicinity of the putative SNP. Clone error filters use statistically generated algorithms to idratify 
errors introduced during laboratory processing, such as those caused by reverse transcriptase, 
polymerase, or somatic mutation. Qustering error filters use statistically generated algorithms to 
5 identify errors resulting from clustering of close homologs or pseudogenes, or due to contamination 
by non-human sequraces. A final set of fitters removes duplicates and SNPs found in 
immunoglobulins or T-cell receptors. 

Certain SNPs are selected for fiuth^ characterization by mass spectrometry using the high 
throughput MASSARRAY system (Sequenom, Inc.) to analyze allele frequencies at the SNP sites in 
10 four different human populations. The Caucasian population coirqprises 92 individuals (46 male, 46 
female), including 83 from Utah, four French, tfiree Venezualan, and two Amish individuals. The 
African population comprises 194 individuals (97 male, 97 female), aU African Americans. The 
Hispanic population comprises 324 individuals (162 male, 162 female), all Mexican Hispanic. The 
Asian population comprises 126 uidividuals (64 male, 62 female) with a reported parental breakdown 
IS of 43% Caunese, 31% Japanese, 13% Korean, 5% Vietnamese, and 8% odier Asian. Allele 

frequencies are first analyzed in tfie Caucasian population; in some cases those SNPs which show no 
allelic variance in this population are not furdier tested in the other three pcqiulations. 
X. Labeling and Use of Individual Hybridization Probes 

Hybridization probes derived from SEQ ID NO:2 are employed to screen cDNAs, gnomic 
20 DNAs, or mRNAs. Although the labeling of oligonucleotides, consisting of about 20 base paks, is 
specifically described, essentially the same procedure is used with larg^ nucleotide fragments. 
OUgonucleotides are designed using state-of-the-art software such as OLIGO 4.06 software (Natioaal 
Biosciences) and labeled by combining 50 pmol of each oligomer, 2S0 uCi of [y-^P] adenosine 
triphosphate (Amersham Biosciences), and T4 polynucleotide kinase (DuPont NBN, Boston MA). 
25 The labeled oligonucleotides are substantially purified using a SEPHADEX G-25 superfine size 
exclusion dextran bead column (Amersham Biosciences). An aliquot containing 10^ counts per 
minute of the labeled probe is used in a typical membrane-based hybridization analysis of human 
genomic DNA digested with one of the following endonucleases: Ase I, Bgl n, Eco RI, Pst I> Xf'^ ^ 
^ orlMi-nCDuPontNEN); ^ 

30 The DNA from each digest is fractionated on a 0.7% agarose gel and transferred to nylon 

membranes (Nytran Plus. Schleicher & Schuell, Durham NH). Hybridization is carried out for 16 
hours at 40*^0. To remove nonspecific signals, blots are sequentially washed at room temperature 
under conditions of up to, for example, 0.1 x saline sodium citrate and 0.5% sodium dodecyl sulfate. 
Hybridization patterns are visualized using autoradiography or an alternative imaging means and 

35 compared. 
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XI. Afficroarrays 

The linkage or synthesis of array elements upon a microarray can be achieved utilizing 
photolithography, piezoelectric prindng (hik-jet printing; see, e.g., Baldeschweiler et a1., supra), 
mechanical microspotting technologies, and dmvatives tl^eof. The substrate in each of the 

5 aforementioned technologies should be uniform and solid mth a non<{)Qrous sur&ce (Schena, M., ed. 
(1999) DNANBcroairaYs: A Practical Aporoach, Qxfocd University Press, London). Suggested 
substrates include »licon, silica, glass slides, glass chips, and silicon wafers. Alternatively, a 
procedure analogous to a dot or slot blot may also be used to arrange and link elements to the surfiace 
of a substrate using thermal, UV, chemical, or mechanical bonding procedures. A typical array may 

10 be produced using available methods and machines well known to those of ordinary sldU in tiie art 
and may contain any appropriate number of elements (Schena, M. et al. (1995) Science 270:467-470; 
Shalon, D. et aL (1996) Genome Res. 6:639-645; Marshall, A and J. Hodgson (1998) Nat 
Biotechnol. 16:27-31). 

Full length cDNAs, Expressed Sequence Tags (ESTs), or fragments or oligomers thereof may 
15 conq>rise the elements of the microarray. Fragments or oligomers suitable fsx hybridization can be 
selected using software well known m tiie art such as LASERGENE software (DNASTAR). The 
array elements are hybridized with polynucleotides in a biological sample. The polynucleotides in 
the biological sanq>le are conjugated to a fluorescent label or other molecular tag for ease of 
detection. After hybridization, nonhybridized nucleotides from the biological sample are removed, 
20 and a fluorescence scanner is used to detect hybridization at each array element. Alternatively, laser 
desorbtion and mass spectrometry may be used for detection of hybridization. The degree of 
complementarity and the relative abundance of each polynucleotide which hybridizes to an element 
on the microarray may be assessed. In one embodiment* microarray preparation and usage is 
described in detail below. 
25 Tissue or Cell Sample Praparationi 

Total RNA is isolated jfrom tissue samples using the guanidinium thiocyanate method and 
poly(A)* RNA is purified using die oligo-(dT) cellulose method. Each poly(A)"' RNA sample is 
reverse transcribed using MMLV reverse-transcriptase, 0.05 pg/^1 oligo-(dT) primer (21merX IX 
^ . . -first strand bufferrO.<)3'units/^l-RNase inWbifor^^ fiMdATPTSOOp^ fiMdTTP,40 
30 /iM dCTF, 40 /iM dCTP-Cy3 (BDS) or dCTP-Cy5 (Amersham Biosciences). TTie reverse 
transcription reaction is performed in a 25 ml volume containing 200 ng poly(A)* RNA with 
GEMBRIGHT kits (Incyte). Specific control poly(A)* RNAs are syntiiesized by in vitro transcription 
from non-coding yeast genomic DNA. After incubation at 37^*0 for 2 hr» each reaction sample (one 
with Cy3 and another with Cy5 labeling) is treated with 2.5 ml of 0.5M sodium hydroxide and 
35 incubated for 20 minutes at SS^'C to the stop the reaction and degrade the RNA. Sanq>les are purified 
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using two successive CHROMA SPIN 30 gel fUtration spin columns (BD Clontech, Palo Alto CA) 
and afte combining, both leaction sanqiles arc ethanoi precipitated using 1 ml of glycogen (1 
mg/ml), 60 ml sodium acetate, and 300 ml of 100% ethanoi. The sample is then dried to completion 
using a SpeedVAC (Savant Instruments Inc., Holbrook NY) and lesuspended in 14 /d SX SSCyO.2% 
S SDS. 

Microarrav Preparation 

Sequences of the piiesent invention are used to genmte anay elements. Each array element 
is amplified from bacterial cells containing vectors with cloned cDNA inserts. FCR amplification 
uses primm complementary to the vector sequences flanking the cDNA insert Array elements are 
10 amplified m thirty cycles of PGR firom an initial quantity of 1-2 ng to a final quantity greater than 5 
Hg. Amplified array elements are then purified using SEPHACRYL-400 (Amersham Biosciences). 

Purified array elements are immobilized on polymer-coated glass slides. Glass microscope 
slides (Coming) are cleaned by ultrasound in 0. 1% SDS and acetone, with extensive distilled water 
washes between and after treatments. Glass slides are etched in 4% hydrofluoric acid (VWR 
15 Scientific Products Corporation (VWR), West Chester PA), washed extensively in distilled water, 
and coated with 0.05% aminopropyl silane (Sigma-Aldrich. St. Louis MO) in 95% ethanoi. Coated 
slides are ciired in a 1 lO^C oven. 

Array elements are applied to the coated glass substrate using a procedure described in U.S. 
Patent No. 5,807,522, incorporated herein by reference. 1 fil of the array element DNA, at an average 
20 concentration of 100 ng/^1, is loaded into the open capillary printing element by a high-speed robotic 
apparatus. The apparatus then deposits about 5 nl of array element sample per slide. 

Microarray s are XJV-crosslinked using a STRATALINKER W-crosslinker (Stratagene). 
Microanrays are washed at room temperature once in 0.2% SDS and three times in distilled water. 
Non-specific binding sites are blocked by incubation of microarrays in 0.2% casein in phosphate 
25 buffered salme (PBS) (Tropix, Inc., Bedford MA) for 30 minutes at 60** C followed by washes in 
0.2% SDS and distilled water as before. 
Hybridization 

Hybridization reactions contain 9 ^1 of sample mixture consisting of 0.2 j^g each of Cy3 and 
CyS labeled cDNA syntiiesis products in 5X SSC» 0.2% SDS hybridization buffer. The sample 

30 mixture is heated to 65° C for 5 minutes and is aliquoted onto the microarray surface and covered 
with an 1.8 cm* coverslip. The arrays are transferred to a waterproof chamber havmg a cavity just 
slightiy larger than a microscope slide. The chamber is kept at 100% humidity internally by the 
addition of 140 ^1 of 5X SSC in a comer of the chamber. The chamber containing the arrays is 
incubated for about 6.5 hours at 60*C. The arrays are washed for 10 mm at 45°C in a first wash 

35 buffer (IX SSC, 0.1% SDS), tiiree tunes for 10 minutes each at 45*C in a second wash buffer (0.1X 
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SSQ, and dried. 
Dctecttop 

Rqiorter-Iabeled hybridization complexes are detected widi a microscope equipped with an 
binova 70 mixed gas 10 W laser (Coherent, Inc., Santa Clara CA) capable of gen^ating spectral lines 

5 at 488 nm for excitation of Cy3 and at 632 rnn for excitation of CyS. The excitation laser light is 
focused on die array using a 20X ndcroscope objective (Nikon, Inc., Melville NY). The slide 
containing the array is placed on a computer-controlled X-Y stage on the microscope and raster- 
scanned past the objective. The 1.8 cm x 1.8 cm array used in the preset example is scanned with a 
resolution of 20 micrometm. 

10 In two separate scans, a mixed gas multiline las^ excites die two fluorophores sequentially. 

Emitted li^t is split, based on wavelengtii, into two photomultipUer tube detectors OPMT R1477, 
Hamamatsu Photonics Systems, Bridgewater NJ) corresponding to the two fluorophores. 
Appropriate filters positioned between the array and the photomultipUer tubes are used to filter the 
signals. The emission maxima of the fluorophores used are 565 nm for Cy3 and 650 nm for Cy5. 

IS Bach array is typically scanned twice, one scan per fluorophore using the appropriate, filters at the 
laser source, although the apparatus is capable of recording the spectra from both fluorophores 
simultaneously. 

The sensitivity of the scans is typically calibrated using the signal intensity generated by a 
cDNA control species added to the sample mixture at a known concentration. A specific location on 

20 the array contains a complementary DNA sequence, allowing the intensity of the signal at that 

location to be correlated with a weight ratio of hybridizing species of 1:100,000. When two samples 
from different sources (e.g., representing test and control cells), each labeled with a different 
fluorophore, are hybridized to a single array for the purpose of identifying genes that are 
differentially expressed, the calibration is done by labeling samples of the calibrating cDNA with the 

25 two fluorophores and adding identical amounts of each to the hybridization mixture. 

The output of the photomultipUer tube is digitized using a 12-bit RTI-*835H analog-to-digital 
(A/D) conversion board (Analog Devices, Inc., Norwood MA) installed in an IBM-compatible PC 
computer. The digitized data are displayed as an image where the signal intensity is mapped using a 
linear 20-color transformation to a pseudocolor scale ranging from blue (low signal) to red (high 

30 signal). The data is also analyzed quantitatively. Whete two different fluorophores are excited and 
measured simultaneously, the data are first conected for optical crosstalk (due to overlapping 
emission spectra) between the fluorophores using each fluorophore's emission spectrum. 

A grid is superimposed over the fluorescence signal image such tiiat the signal from each 
spot is centered in each element of the grid. The fluorescence signal within each element is then 

35 integrated to obtain a numerical value corresponding to the average intensity of the signal. The 
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software used for signal analysis is the GEMTOQLS gene expression analysis program (Incyle). 
Array elements that exhibit at least about a two-fold change in expression, a signal-to-background 
ratio of at least about 2.5, and an element spot size of at least about 40%, are considered to be 
differentially expressed. 
5 XIL Complementary Polynucleotides 

Sequences complementary to the KPP-encoding sequences, or any parts thereof, are used to 
detect, decrease, or inhibit expression of naturally occurring KPP. Although use of oligonucleotides 
comprising from about 15 to 30 base pairs is described, essentially the same procedure is used with 
smaller or with larger sequence fragments. Appropriate oligonucleotides are designed using OLIGO 

10 4.06 software (National Biosciences) and the coding sequence of KPP. To inhibit transcription, a 
complementary oligonucleotide is designed from the most unique 5' sequence and used to prevent 
promoter binding to the coding sequence. To inhibit translation, a complementary oligonucleotide is 
designed to prevent ribosomal binding to the KPP-encoding transcript. 
Xin. Expression of KPP 

IS Expression and purification of KPP is achieved using bacterial or virus-based expression 

systems. For expression of KPP in bacteria, cDNA is subcloned into an appropriate vector containing 
an antibiotic resistance gene and an inducible promoter that directs high levels of cDNA transcription. 
Exaiqples of such promoters include, but are not limited to, the trp4ac (tac) hybrid promoter and the 
T5 or T7 bacteriophage promoter in conjunction with the lac operator regulatory element 

20 Recombinant vectors are transformed into suitable bacterial hosts, e.g., BL2 1(DE3). Antibiotic 
resistant bacteria express KPP upon induction with isopropyl beta-D-thiogalactopyranoside (IPTG). 
Expression of KPP in eukaryotic cells is achieved by infecting insect or mammalian cell lines with 
reconlbinant Autographica califomica nuclear polyhedrosis virus (AcMNPV), commonly known as 
baculovirus. The nonessential polyhedrin gene of baculovirus is replaced with cDNA encoding KPP 

25 by eithCT homologous recombination or bacterial-mediated transpositicm involving transfer plasmid 
intmnediates. Viral infectivity is maintained and the stiong polyhedrin promoter drives high levels 
of cDNA transcription. Recombinant baculovirus is used to infect Spodoptera frugiperda (Sf9) insect 
cells in most cases, or human hepatocytes, in some cases. Infection of the latter requires additional 
- 'geneticmodifi^atiim^d^acaovin^^ et al. (1994) Prcic. NatiL Acad. ScL USA 

30 91:3224-3227; Sandig, V. et al. (1996) Hmn. Gene Ther. 7:1937-1945). 

In most expression systems, KPP is synthesized as a fiision protein with, e.g., glutatiuone S- 
transferase (GST) or a peptide q>itope tag. such as FLAG or 6-His, permittmg rapid, single-step, 
affinity-based purification of recombinant fusion protein from crude cell lysates. GST, a 26- 
kilodalton enzyme from Schistosoma japonicum^ enables the purification of fusion proteins on 

35 immobilized glutathione under conditions that maintam proteui activity and antigenicity (Amersham 
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Biosciences). Following purification, the GST moiety can be proteolytically cleaved from KPP at 
specifically engineered sites. FLAG, an g-amino acid peptide, enables immimoafiinity purification 
using commBrcially available monoclonal and polyclonal anti-FLAG antibodies ^stman Kodak). 6- 
His, a stietcb of six consecutive histidine residues, enables purification on metal-chelate resins 
5 (QIAGEN). Methods for protein expression and purification are discussed in Ausubel et al. {supra^ 
ch. 10 and 16). Purified KPP obtained by these methods can be used directly in die assays shown in 
Examples XVn, XVm, XIX, XX, and XXI, where applicable. 
XIV. Functional Assays 

KPP function is assessed by expressing the sequences encoding KPP at physiologically 
10 elevated levels in mammalian cell culture systems. cDNA is subcloned into a mammalian expression 
vector containing a strong promoter that drives high levels of cDNA expression. Vectors of choice 
include PCMV SPORT plasmid (Invitrogen, Carlsbad CA) and PCR3.1 plasmid (Invitrogen). botii of 
winch contain the cytomegalovirus promoter. 5-10 jug of recombinant vector are transientiy 
transfected into a human cell line, for exaii5)le, an endothelial or hematopoietic cell line, using either 
15 liposome formulations or electroporation. 1-2 ^g of an additional plasmid containing sequences 
encoding a marker protein are co-transfected. Expression of a marker protein provides a means to 
distinguish transfected cells from nontransfected cells and is a reliable predictor of cDNA »pression 
fixim the recombinant vector. Marker proteins of choice include, e.g.. Green Fluorescent Protein 
(GFP; BD Clontech), CD64, or a CD64-GFP fusion protem. Flow cytometry (FCM), an automated, 
20 laser optics-based technique, is used to identify transfected cells expressing GFP or CD64-GFP and to 
evaluate the apoptotic state of the cells and other cellular properties. FCM detects and quantifies the 
iq)take of fiuoiescent molecules that diagnose events preceding or coincident with cell deatii. These 
events include changes in nuclear DN A content as measured by staining of DNA with propidium 
iodide; chants in cell size and granularity as measured by fcxrward light scatty and 90 degree side 
25 light scatter* down-regulation of DNA synthesis as measured by decrease in bromodeoxyuridine 
uptate; alterations m expression of cell surface and mtracellular proteuis as measured by reactivity 
with specific antibodies; and alterations in plasma membrane compo^tion as measured by the binding 
of fluorescein-conjugated Annexm V protein to the cell surface. Methods in flow cytometry are 
<Us€ussed in KSmsl^MXj7li9^ "^^ — ^ - 

30 The influence of KPP on gene expression can be assessed using hig^hly purified populations 

of cells transfected witfi sequences encoding KPP and either CD64 or CT)64-GFP. C3)64 and CD64- 
GFP are expressed on the surface of transfected cells and bind to conserved regions of human 
immunoglobulm G GgG). Transfected cells are efficienfly separated fiom nontransfected cells using 
magnetic beads coated with either human IgO or antibody a^inst CaD64 (DYNAL, Lake Success 
35 NY)- mRNA can be purified from the cells usmg methods well known by those of skill in the art. 
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E3q>iession of mRNA encoding KFP and other genes of inteiest can be analyzed by noithem analysis 
or nucroarray techniques. 

XV. Production of KPP Specific Antibodies 

KFP substantially purified using polyacrylaniide gel electrophoresis (PAGE; see, e.g.t 
5 Harrington, M.G. (1990) Methods Enzymol. 182:488-495), or other purification techniques, is used to 
immunize animals (e.g., rabbits, mice, etc.) and to produce antibodies using standard protocols. 

Alternatively, the KPP amino acid sequence is analyzed using LASEEIGENE software 
(DNASTAR) to determine regions of high immunogenicity, and a corresponding oligopeptide is 
synthesized and used to raise antibodies by means known to those of skill in the ait. Methods for 
10 selection of appropriate epitopes, such as those near the C-terminus or in hydrophilic regions are well 
described in the art (Ausubel et al., supra, ch. 1 1). 

Typically, oligopeptides of about IS residues in length are synthesized using an ABI 431A 
peptide synthesizer (Applied Biosystems) using FMOC chemistry and coupled to KLH (Sigma- 
Aldrich, St. Louis MO) by reaction with N-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) to 
15 increase immunogenicity (Ausubel et al., supra). Rabbits are immunized with the oligopeptide-KLH 
complex in complete Frennd^ adjuvant. Resulting antisera are tested for antipeptide and anti-KPP 
activity by, for example, binding the peptide or KPP to a substrate, blocking with 1% BSA, reacting 
with rabbit antisera, washing, and reacting with radio-iodinated goat anti-rabbit IgG. 

XVI. Purification of Naturally Occurring KPP Using Specific Antibodies 

20 Naturally occurring or recombinant KPP is substantially purified by immunoaffinity 

chromatography using antibodies specific for KPP. An inouonunoafBnity column is constructed by 
covalentiy coupling anti-KPP antibody to an activated chromatographic resin, such as CNBr-activated 
SEPHAROSE (Amersham Biosciences). After the couplmg, the resin is blocked and washed 
according to the manufacturer^ instructions. 

25 Media containing KPP are passed over the immunoaftinity column, and the column is washed 

under conditions tiiat allow the preferential absorbance of KPP (e.g., high ionic strength buffers in the 
presence of detergent). The column is eluted under conditions that disrupt antibody/KPP binding 
(e.g., a bufier of pH 2 to pH 3, or a high concentration of a chaotrppe, such as urea or thiocyanate 
- — ^ •ioff),aaUKPP'is"coirectea:""^ * * ^^^^^^ '■ ^ 

30 XVn. Identification of Molecules Which Interact with KPP 

KPP, or biologically active fiagments thereof, are labeled witii Bolton-Hunter reagent 
(Bolton, A.E. and W.M. Hunter (1973) Biochem. J. 133:529-539). Candidate molecules previously 
arrayed in the wells of a multi-well plate are incubated with the labeled KPP, washed, and any wells 
with labeled KPP complex are assayed. Data obtained using different concentrations of KPP are used 

35 to calculate values for the number, affinity, and association of KPP with the candidate molecules. 
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Alternatively, molecules interacting with KPP are analyzed using the yeast two-hybrid 
system as described in Fields, S. and O. Song (1989; Nature 340:245-246), m using commmially 
available kits based on the two-hybrid system, such as the MATCHMAKER system (fiH Qontech). 
KPP may also be used in the PATHCALUNG process (CuraGen Corp., New Haven CT) 

5 wMch enqploys the yeast two-hybrid system in a high-throughput manner to determine all interactions 
between the proteins encoded by two large libraries of genes Q^andabalan, JL et al. (2000) U.S. 
Patent No. 6,057,101). 
XVm. Demonstration of KPP Activity 

Generally, protein kinase activity is measured by quantifying the phosphorylation of a protein 

10 substrate by KPP in the presence of [y-^P]ATP. KPP is incubated mtfa die protein substrate, 

32p.ATP, and an appropriate kinase buffer. The ^ incorporated into the substrate is separated from 
free ^-ATP by electrophoresis and the incorporated is counted using a radioisotope counter. The 
amount of incorporated is proportional to the activity of KPP. A determination of the specific 
anuno acid residue phosphorylated is made by phosphoamino acid analysis of the hydrolyzed protein. 

IS In one alternative, protein kinase activity is measured by quantifying the transfer of gamma 

phosphate from adenosine triphosphate (ATP) to a serine, threonine or tyrosine residue in a protein 
substrate. The reaction occurs between a protein kinase sample with a biotinylated peptide substrate 
and gamma ^^-ATP. Following the reaction, free avidin in solution is added for binding to the 
biotinylated ^^-peptide product. The binding sample then undergoes a centrifugal ultrafiltration 

20 process with a membrane which will retain the product-avidin con^lex and allow passage of free 

gamma ^^-ATP. The reservoir of the centrifuged unit containing the ^P-peptide product as retentate 
is then counted in a scintillation counter. This procedure allows the assay of any type of protein 
kinase sanq)le, depending on the peptide substrate and kinase reaction buffer selected. This assay is 
provided in kit form (ASUA, Affinity Ultrafiltration Separation Assay, Transbio Corporation, 

25 Baltimore MD, U.S. Patent No. 5,869,275). Suggested substrates and their respective enzymes 

include but are not limited to: Histone HI (Sigma) and p34^kinase, Aimexin I, Angiotensin (Sigma) 
and EGF receptor kinase, Annexin n and src kinase, ERKl & ERK2 substrates and MEK, and myelin 
basic protem and ERK (Pearson, J.D. et aL (1991) Methods Enzymol. 200:62-81). 

In another alternative, protein kinase activity of KPP is demonstrated in an assay containing 

30 KFP» SO )j1 of kinase buffer, 1 |Xg substrate, such as myelin basic protein (MBP) or synthetic peptide 
substrates, 1 nM DTT, 10 \ig ATP, and 0.5 |xCi [y-^^PlATP. The reaction is incubated at 30°C for 30 
minutes and stopped by pipetting onto P81 paper. The unincorporated [y-^^jATP is removed by 
washing and the incorporated radioactivi^ is measured using a scintillation counter. Alternatively, 
the reaction is stopped by heating to lOO^C in the presence of SDS loading buffer and resolved on a 

35 12% SDS polyacrylamide ^1 followed by autoradiography. The amount of incorporated is 
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proportional to the acti^ty of KPP. 

In yet another alternative, adenylate kinase or guanylate kinase activity of KPP may be 
measured by the incorporation of ^ firom [y-^^P] ATP into ADP or GDP using a gamma radioisoti^e 
counter. KPP, in a kinase buffer, is incubated togeth^ with die impropriate nucleotide 
5 mono-phosphate substrate (AMP or GMP) and ^-labeled ATP as the phosphate donor. The reaction 
is incubated at ZTC and terminated by addition of trichlcnroacetic acid. The acid extract is 
neutralized and subjected to gel electrophoresis to separate the mono-, di-, and triphosphonucleotide 
fractions. The diphosphonucleotide fraction is excised and counted. The radioactivity recovered is 
proportional to the activity of KPP. 
10 In yet another alternative, other assays for KPP include scintillation proximity assays (SPA), 

scintillation plate technology and filter binding assays. Usefril substrates include recombinant 
proteins tagged with glutathione transferase, or synthetic peptide substrates tagged with biotin. 
Inhibitors of KPP activity, such as small organic molecules, proteins or peptides, may be idratiiied by 
such assays. 

15 hi another alternative, phosphatase activity of KPP is measured by the hydrolysis of para- 

nitrophenyl phosphate (PNPP). KPP is mcubated togetiier with PNPP in HEPES buffer pH 7.5, in the 
presence of 0.1% p-mercaptoethanol at ST'^C for 60 mm. The reaction is stopped by the addition of 6 
ml of 10 N NaOH (Diamond, R.H. et al. (1994) Mol. Cell. Biol. 14:3752-62). Alternatively, acid 
phosphatase activity of KPP is demonstrated by incubating KPP-containing extract with 100 ii\ of 10 

20 mM PNPP in 0. 1 M sodium citrate, pH 4.5, and 50 pA of 40 mM NaQ at 37 °C for 20 miiL The 

reaction is stopped by the addition of 0.5 ml of 0.4 M glycine/NaOH, pH 10.4 (Saftig, P. et al. (1997) 
J. Biol. Chem. 272:18628-18635). The increase in light absorbance at 410 nm resulting from die 
hydrolysis of PNPP is measured using a spectrophotometer. The increase in light absorbance is 
proportional to the activity of KPP in the assay. 

25 In the alternative, KPP activity is determined by measuring the amount of phosphate removed 

fsom a phosphorylated protein substrate. Reactions aro performed witii 2 or 4 nM KPP in a final 
volunK of 30 ^1 contaming 60 mM Tris, pH 7.6, 1 mM BI>TA. 1 mM BGTA. 0.1% 
p-mercaptoethanol and 10 ^iM substrate, ^*P-labeled on serine/threonine or tyrosine, as appropriate. 
Reactianrafe mitiat^ mffi'suSs&Se and hi6i^^ C for lO^ls nd^^ are quenched 

30 witii 450 Ml of 4% (w/v) activated charcoal in 0.6 M HQ, 90 mM Na4P207. and 2 mM NaH2P04, then 
centrifuged at 12,000 x ; for S nun. Acid-soluble % is quantified by liquid scintillation counting 
(Sinclah-, C et al. (1999) J. BioL Gheno. 274:23666-23672). 
XEL Kinase Binding Assay 

Binding of KPP to a FLAG-CD44 cyt fusion protein can be determined by incubating KPP 

35 with anti-KPP-conjugated inununoaffinity beads foUowed by incubating portions of the beads (havmg 
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10-20 ng of pxotein) with 0.S ml of a binding buffer (20 xnM Tris-HCL (pH 7.4), ISO mM NaQ, 0.1% 
bovine serum albumin, and 0.05% Triton X-100) in the presence of '"I-labeled FLAO-C3>44cyt 
fusion protein (S»000 cpm/ng protein ) at 4 "^C for 5 hours. Following binding, beads were washed 
thOToughly in the binding buffer and the bead-bound radioactivity measured in a scintillation counter 
5 (Bourguignon, L.Y.W. et al. (2(M)i) J. Biol. Ghent 276:7327*7336). The amount of incoiporated 
is proportional to the amount of bound KPP. 

XX. Identification of KPP Inhibitors 

Confounds to be tested are arrayed in the wells of a 384-well plate in vaiying concCTtrations 
along with an appropriate buffer and substrate, as described in the assays in Exan^le XVIL KFP 
10 activity is measured for each well and the ability of each compound to inhibit KPP activity can be 
determined, as well as the dose-response kinetics. This assay could also be used to identify molecules 
which enhance KPP activity. 

XXI. Identification of KPP Substrates 

A KPP '^substrate-trapping" assay takes advantage of the increased substrate affinity that may 
15 be conferred by certain mutations in the FTP signature sequence of protein tyrosine phosphatases. 

KPP bearing these mutations form a stable complex with their substrate; this conq)lex may be isolated 
biochemically. Site-directed mutagenesis of invariant residues in the FTP signature sequence in a 
clone encoding the catalytic domain of KPP is performed using a method standard in the art or a 
commercial kit, such as the MUTA-GENE kit from BIORAD. For expression of KPP mutants in 
20 Escherichia coli, DNA fragments containing the mutation are exchanged with the corresponding 
wild-type sequence in an expression vector bearing the sequence encoding KPP or a glutathione 
S-transferase (GST)-KPP fusion protein. KPP mutants are expressed in E. coli and purified by 
chromatography. 

The expression vector is transfected into CX>S1 or 293 cells via calcium phosphate-mediated 
25 transfection with 20 /ig of CsCl-purified DNA per 10-cm dish of cells or 8 fig per 6-cm dish. Forty- 
eight hours after transfection, cells are stimulated with 100 ng/ml epidermal growth factor to increase 
tyrosme phosphorylation in cells, as the tyrosine kinase EGFR is abundant in COS cells. Cells.are 
lysed m SO mM TrisHCl, pH 7.S/5 mM EDTA/ISO mM NaCI/1% Triton X-IOO/S mM iodoacetic 
" acid/lO nM sodium phosphate/fo mM NaP/S /ig/nd leupeptin/S ligfxsd aprotinin/l mM benzamidine 
30 (1 ml per 10-cm dish, 0.5 ml per 6-cm dish). KFP is immunoprecipitated from lysates with an 

appropriate antibody. GST-KPP fusion proteins are precipitated with glutathione-Sepharose, 4 fig of 
mAb or 10 fil of beads respectively per mg of cell lysate. Conqilexes can be visualized by PAGE or 
further purified to identify substrate molecules (Flint, A J. et al. (1997) Ptoc. Natl. Acad. Sci. USA 
94:1680-1685). 
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Various modificalions and variadons of the described conposidons, mediodSt and systems of 
the uivendc»i win be apparent to those skilled in the art without departing from the scope and spirit of 
the invention. It will be appreciated that the invention provides novel and useful proteins, and their 
encoding polynucleotides, which can be used in the drug discoveiy process, as well as methods for 

5 using these compositions for the detection, diagnosis, and treatment of diseases and conditions. 
Although the invention has been described in connection with certain embodiments, it should be 
understood that the invention as claimed should not be unduly limited to such specific embodiments. 
Nor should the description of such embodiments be considered exhaustive or limit the invention to 
the precise forms disclosed. Furthermore, elements from one embodiment can be readily recombined 

10 with elements from one or more other embodiments. Such combinations can form a number of 
embodiments within the scope of the invention. It is intended that the scope of the invention be 
defined by the following claims and their equivalents. 
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What is claimed is: 



1. An isolated polypeptide selected from the group consisting of: 

a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 1, 

b) a polyp^tide conq^rising a naturally occurring amino acid sequmce at least 93% 
identical to the amino acid sequence of SEQ ID NO:l, 

c) a biologically active fragment of a polypeptide having the anuno acid sequence of 
SEQIDNO:l»and 

d) an immunogenic fragment of a polypeptide having the amino acid sequence of SEQ 
IDNO:l. 

2. An isolated polypeptide of claim 1 comprising the amino acid sequence of SEQ ID NO: 1. 

3. An isolated polynucleotide encoding a polypeptide of claim 1. 

4. An isolated polynucleotide encoding a polypeptide of claim 2. 

5. An isolated polynucleotide of claim 4 conq>rising the polynucleotide sequence of SEQ ID 

NO:2. 

6. A recombinant polynucleotide comprising a promoter sequence opeiably linked to a 
polynucleotide of claim 3. 

7. A cell transformed with a recombinant polynucleotide of claim 6. 

8. A transgenic organism comprising a recombinant polynucleotide of claim 6. 

9. A method of producing a polyp^tide of claim 1, tiie metiiod comprising: 

a) ~* cul'fuing'a cellluiderconditira for expression of the polypeptide, wherein 

said cell is transformed with a recombinant polynucleotide, and s^d recombinant 
polynucleotide comprises a promoter sequence operably linked to a polynucleotide 
encoding the polypeptide of claim 1, and 

b) recovering the polypeptide so expressed. 

10. A method of claim 9, wherein the polypeptide comprises the anuno acid sequence of 
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1 L An isolated antibody which specifically binds to a polypeptide of claim 1. 

5 12. An isolated polynucleotide selected from the group consisting of: 

a) a polynucleotide comprising the polynucleotide sequence of SEQ ID NO:2, 

b) a polynucleotide consisting essentially of a naturally occurring polynucleotide 
sequence at least 90% identical to the polynucleotide sequence of SEQ ID NO:2, 

c) a polynucleotide conq>lementary to a polynucleotide of a), 

iO d) a polynucleotide con^lementary to a polynucleotide of b), and 

e) an RNA equivalent of a)-d). 

13. An isolated polynucleotide conq)rising at least 60 contiguous nucleotides of a 
polynucleotide of claim 12. 

IS 

14. A method of detecting a target polynucleotide in a sample, said target polynucleotide 
having a sequence of a polynucleotide of claim 12, the method con^rising: 

a) hybridizing the sample with a probe comprising at least 20 contiguous nucleotides 
comprising a sequence complementary to said target polynucleotide in the sample, 

20 and which probe specifically hybridizes to said target polynucleotide, under 

conditions whereby a hybridization complex is formed between said piobe and said 
target polynucleotide or fragments thereof, and 

b) detecting the presence or absence of said hybridization complex, and, optionally, if 
present, the amount thereof. 

25 

15. A method of claun 14, wherein the probe comprises at least 60 contiguous nucleotides. 

16. A method of detecting a target polynucleotide in a sample, said target polynucleotide 
- " having a'sequence of a polynucleotide of claiml27ffie mediod ctSl^rising: ^ ' ^ ' 

a) an^plifying said taiget polynucleotide or fragment thereof using polymerase chain 
reaction anqilification, and 

b) detecting die presence or absence of said amplified target polynucleotide or fragment 
thereof, and, optionally, if present, the amount thereof. 

A composition conqprising a polypeptide of claim 1 and a pharmaceutically acceptable 
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excipient 



18. A composition of claim 17, wherein the polypeptide cQnq>rises the amino acid sequence 
ofSEQIDNOrl. 

5 

19. A method for treating a disease or condition associated with decreased expression of 
functional KPP, conqirising administering to a patient in need of such treatmmt the composition of 
claim 17. 

10 20. A method of screening a compound for effectiveness as an agonist of a polypeptide of 

claim 1, the method comprising: 

a) contacting a sample coiiq)rising a polypeptide of claim 1 with a compound, and 

b) detecting agonist activity in the sample. 

15 2 1. A composition conqirising an agonist compound identified by a method of claim 20 and a 

pharmaceutically acceptable excipient 

22. A method for treating a disease or condition associated with decreased expression of 
functional KPP, comprising administering to a patient in need of such treatment a composition of 

20 claim 21. 

23. A method of screening a compound for effecdveness as an antagonist of a polypeptide of 
claim 1, the method comprising: 

a) contacting a sanq>le conoprising a polypeptide of claim 1 with a compound, and 
25 b) detecting antagonist activity in the sample. 

24. A composition conprising an antagonist compoimd identified by a method of claim 23 
and a pharmaceutically acceptable excipient 



30 25. A method for treating a disease or condition associated with overexpiession of functional 

KPP, comprising administering to a patient in need of such treatment a composition of claim 24. 

26. A method of screening for a compound that specifically binds to the polypeptide of claim 
1, the method conqprismg: 

35 a) combining the polypeptide of claim 1 with at least one test compound under suitable 
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condittoiis» and 

b) detecting binding of the polypeptide of ckdm 1 to the test confound, ttereby 
identifying a compound that specificaUy binds to the polypeptide of claim 1. 

A method of scieening for a compound that modulates the activity of the polypeptide of 
method conqxrising: 

combining the polypeptide of claim 1 with at least one test compound under 
conditions permissive for the activity of the polypeptide of claim 1, 
assessing the activity of the polypeptide of claim 1 in the presence of the test 
confound, and 

comparing the activity of the polypeptide of claim 1 in the presence of the test 
compound with the activity of the polypeptide of claim 1 in the absence of the test 
compound, wherein a change in the activity of the polypeptide of claim 1 in the 
presence of the test compound is indicative of a compound that modulates the activity 
of the polypeptide of claim 1. 

28. A method of scieening a compound for effectiveness in altering expression of a target 
polynucleotide, wherein said target polynucleotide comprises a sequence of claim S, the method 
comprising: 

a) contacting a sample comprising the target polynucleotide with a compound, under 
conditions suitable for the expression of the target polynucleotide, 

b) detecting altered expression of the target polynucleotide, and 

c) comparing the expression of the target polynuclec^de in the piesence of varying 
amounts of the conqpound and in the absence of the con^und. 

29. A method of screwing for potential toxicity of a test conqpound, the method comprising: 

a) treating a biological sample containing nucleic acids with the test compound, 

b) hybridizing the nucleic acids of the treated biological sample with a probe con^rising 
atleast Sufcontiguoiis nucl^ 

whereby a specific hybridization complex is formed between said probe and a tar^ 
polynucleotide in the biological sample, said target polynucleotide conq>rising a 
polynucleotide sequence of a polynucleotide of claim 12 or firagment th^eof, 

c) quantifying the amount of hybridization complex, and 

d) comparing the amount of hybridization complex in the treated biological sample with 
the amount of hybridization complex in an untreated biological sanqple, wherein a 
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difference in the amount of hybridization con^Iex in the treated biological sample 
indicates potential toxicity of the test compound. 

30. A method for a diagnostic test for a condition or disease associated with the expression 
5 of KPP in a biological sample, the method coniprising: 

a) combining the biological sample with an antibody of claim 11, under conditions 
suitable for the antibody to bind the polypeptide and form an antibody:polypeptide 
complex, and 

b) detecting the complex, wherein the presence of the complex correlates with the 
10 presence of the polypeptide in the biological sample. 



31. The antibody of clsum 11, wherein the antibody is: 

a) a chimeric antibody, 

b) a single chain antibody, 
15 c) a Fab fragment, 

d) a F(ab')2 fragment, or 

e) a humanized antibody. 
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32. A con^osition comprising an antibody of claim 1 1 and an acceptable excipient 

33. A method of diagnosing a condition or disease associated with the expression of KPP in 
a subject, conq;>rising adnunistering to said subject an efTective amount of the conq)osition of claim 
32. 



25 34. A conqpositionofclaim 32, further comprising a label. 

35. A method of diagnosing a condition or disease associated with the expression of KPP in 
a subject, conq>rising adnunistering to said subject an effective amount of the composition of claim 

30 

36. A method of preparing a polyclonal antibody with the specificity of the antibody of claim 
11, the method conq)rising: 

a) immunizing an animal with a polypeptide consisting of the amino acid sequence of 
SEQ ID NO: 1, or an immunogenic fragment thereof, under conditions to elicit an 

35 antibody response, 

b) isolating antibodies from the animal, and 
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c) screening the isolated antibodies with the polypeptide, thereby identifying a 

polyclonal antibody which specifically binds to a polypeptide comprising the amino 
acid sequence of SEQ ID NO : 1. 

5 37. Apolyclonalantibody produced by a method of claim 36. 

38. A composition comprising the polyclonal antibody of claim 37 and a suitable carrier. 

39. A method of making a monoclonal antibody with the specificity of the antibody of claim 
method conqprising: 

a) immunizuig an animal with a polypeptide consisting of the amino acid sequence of 
SEQ ID NO:l, or an immunogenic &agn^t thereof, under conditions to elicit an 
antibody response, 

b) isolating antibody producing cells from the animal, 

c) fusing the antibody producmg cells with immortalized cells to form monoclonal 
antibody^oducing hybridoma cells, 

d) culturing the hybridoma cells, and 

e) isolating £com the culture monoclonal antibody which specifically binds to a 
polypeptide coiqprising the ammo acid sequence of SEQ n> NO: 1 . 

40. Amonoclcmalantibody produced by a method of claim 39. 

41. A conqiosition conq>rising the monoclonal antibody of claim 40 and a suitable carrier. 

42. The antibody of claim 1 1, wherein the antibody is produced by screening a Fab 
expression library. 

43. The antibody of claim 1 1, wherein the antibody is produced by screening a recombinant 
immunoglobulin library. , _ . 

44. A method of detecting a polypeptide comprising the amino acid sequence of SEQ ID 
NO:l in a sample, the method comprising: 

a) incubating the antibody of claim 1 1 with the sample under conditions to allow 
specific binding of the antibody and the polypeptide, and 

b) detecting specific binding, wherein specific binding indicates the presence of a 
polypeptide comprising the amino acid sequence of SEQ ID NO:l in the san^le. 



100 



PF-niop 

4S. A method of purifying a polypeptide cooq)risiiig the amino acid sequence of SEQ ID 
NO: 1 from a sanq>le, the method comprising: 

a) incubadng the antibody of claim 1 1 with the sample under conditions to allow 
specific binding of the antibody and the polypeptide* and 
5 b) separating the antibody from the san^le and obtaining the purified polypeptide 

conq)rising the amino acid sequence of SEQ ID NO:l. 
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46. A microarray wherein at least one element of the microarray is a polynucleotide of claim 
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47. A method of generating an expression profile of a sample which contains 
polynucleotides, the method comprising: 

a) labeling the polynucleotides of the sample, 

b) contacting the elements of the microanay. of claim 46 with the labeled 

15 polynucleotides of the sample under conditions suitable for the formation of a 

hybridization conqplex, and 

c) quantifying the expression of the polynucleotides in the sanq>le« 

48. An array con^sing different nucleotide molecules affixed in distinct physical locations 
20 on a solid sutetrate, wherein at least one of said nucleotide molecules comprises a first 

oligonucleotide or polynucleotide sequence specifically hyhidizable with at least 30 contiguous 
. nucleotides of a target polynucleotide, and wherein said target polynucleotide is a polynucleotide of 
claim 12. 

25 49. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is 

con^letely complementaxy to at least 30 contiguous nucleotides of said target polynucleotide. 

50. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is 
. c^ompletely cpnqplementa]y.to.atJeast60xQntiguous.nucleoti 



51. An array of claim 48> wherein said first oligonucleotide or polynucleotide sequence is 
completely coniplementary to said target polynucleotide. 

52. An array of claim 48, which is a microairay. 

53. An array of claim 48, further conq>rising said target polynucleotide hybridized to a 
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nucleotide molecule conq'rising said fiist oligonucleotide or polynucleotide sequence. 



54. An array of claim 48, wherein a linkn joins at least one of said nucleotide molecules to 
said solid substrate. 

5 

55. An array of claim 48, wherein each distinct physical location on the substrate contains 
multiple nucleotide molecules, and the multiple nucleotide molecules at any single distinct physical 
location have the same sequence, and each distinct physical location on the substrate contains 
nucleotide molecules having a sequence which differs from the sequence of nucleotide molecules at 

10 another distinct physical location on the substrate. 

56. A polypeptide of claim 1, conq>rising the amino acid sequence of SEQ ID NO: 1. 

57. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:2. 

15 
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ABSTRACT OF THE DISCXiOSURE 

Various embodiments of the invention provide human kinases and phosphatases (KPP) and 
polynucleotides which identify and encode KPP. Embodiments of the invention also provide 
5 expression vectors, host cells, antibodies, agonists, and antagonists. Other embodiments provide 
methods for diagnosing, treating, or preventing disorders associated with aberrant expression of KPP. 
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<110> Wilson, Any D.; Jin, Pei 

Chawla, Narinder K. * / 

<;120> KINASES AND PHOSPHATASES 

<130> PF-1710 P 

<140> To Be Assigned 
<141> Herewith 

<160> 2 

<i70> PERL Program 

<210> 1 

<211> 80 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> misc_feature 

«223> Incyte IB No: 7519807CD1 

<400> 1 

Met Tyr Ser Leu Asn Gin Glu^Ile Lys Ala Phe Ser Arg Asn Asn 
1 . 5 10 15 

Pro Arg Lys Oln Cys Thr Arg Val Thr Thr Leu Thr Gly Lys Lys 

20 25 30 

lie lie Glu Thr Trp Lys Asp Ala Arg He His Val Val Glu Glu 

35 40 45 

Val Glu Pro Ser Ser Gly Gly Gly Cys Gly lyr Val Gin Asp Leu 

50 55 60 

Ser Ser Asp Gin Gin Val Gly Val XI e Lys Pro Trp Leu Leu Leu 

65 70 75 

Gly Asp Ser Tyr Ser 

80 

<210> 2 
<211> 669 
<212> DNA 

<213> Homo sapiens 
<220> 

«i:221:> mis.c_f eature — . — — - - r-. - 

<223> Incyte ID Nos 7519807CB1 

<400> 2 

gcctgctgga tttgtttgta tttgtbccca gccactgctc atgtaatgta ctcccttaac 60 
caggaaatta aagcattchc ccggaataat cccaggaagc aatgcaccag ggtgacaacg 120 
ctaactggaa agaaaattat agaaacatgg aaagatgcca gaattcatgt tgtggaagaa 180 
gtagagccga gcagtggggg tggttgtggt tatgtgcagg accttagctc ggaccagcaa 240 
gttggcgtta ttaagccatg gttgctccta ggtgactcat attcttaatg ttgcatatgg 300 
agttgaaaat gctttcctca gtgactttac atataagagc atttctatat tggatctgcc 360 
tgaaaccaac atcctgtctt attttccaga atgttttgaa tttattgaag aagcaaaaag 420 
aaaagatgga gtggttcttg ttcattgtaa tgcaggcgtt tccagggctg ctgcaattgt 480 



1 



PF-1710 P 



aatiaggtttc ctgatgaat:t ctigaacaaac 
aaatgcaaga ccttccatat gtccaaattc 
agagggcaaa gaaagcaata agtigtgacag 
gtiagcagac. 



ctLcalititacc agtigct^^^t ctt:tgg^gaa 540 
tggcttcatg gagcagcttic gbacatatta 600 
aatecaggag aacagttcat: gagttgcafct 660 

669 
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Polynucleotide 
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Polynucleotide 
SEQIDNO: 
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Polypeptide 
SEQIDNO: 
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Signature Sequences, Domains and Motifs 


MAM domain IPB000998: C54-V66 


Imam domain signature PR00020: GS2-K70 1 


iPotential Phosphorylation Sites: 127, 134 
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Table 4 



Polynucleotide 
SEQIDN07 
IncytelD/ 
Sequence Length 


Selected 
Fragments 


Sequence Fragments 


5' Position 


3* Position 
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